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DEMOCRACY IN INDUSTRY 


J pwn the importance of mobility of labour 
as part of the price to be paid for social security 
and the condition of full employment which Govern- 
ment action, irrespective of purity, will now be 
expected to maintain has been emphasized repeatedly 
since Lord Beveridge first formulated his proposals 
in the report of 1944, the implications are still far 
from being appreciated in many quarters. They are 
not even fully recognized by the Government, as is 
indicated in Mr. Isaacs’ introduction of the Control 
of Employment Order; and the way in which that 
Order has been received further demonstrates the 
same fact in other sections of the community. Even 
in the support which the Prime Minister and Sir 
Stafford Cripps have given to the reinstatement and 
extension of the practice of joint consultation in 
industry, which proved so successful during the War, 
there is little indication that the extent to which one 
of the major driving forces of industry has been 
weakened and is disappearing is fully realized. Nor 
does current discussion on incentives take adequate 
account of the fact that, while fear is happily dis- 
appearing as a goad to work, no positive enthusiasm 
is taking its place. 

This, however, is the point at which discussion of 
incentives in industry, industrial efficiency and 
management are linked up with those larger questions 
of the relation of industry to the State which are 
being raised simultaneously by the changes in indus- 
trial organisation witnessed in the establishment of 
the National Cos! Board and the nationalization of 
transport. Notable attempts are being made to deal 
constructively with these questions: Mr. W. D. 
Brown’s paper on “Principles of Organisation” and 
Col. L.: Urwick’s on ‘‘Morale’’, both contributed to 
the Manchester College of Technology’s series of 
Monographs on Higher Management, like an earlier 
one of Mr. G. G. Renold’s on “The Employer and the 
Social Fabric”, are recent examples, while the 
same questions are dealt with from a rather different 
point of view by C. Reaveley and J. Winnington in 
a recent book, ‘““Democracy and Industry”’.* 

Miss Reaveley and Mr. Winnington, as so frequently 
happens, are stronger in delineating the weaknesses 
and faults of the old system of industrial competition 
than in their positive suggestions for its replacement ; 
but they have much to say about the effects of 
competitive mass production on personality, that 
should be taken into account by all concerned to build 
up an efficient system of co-operation whether within 
industry itself or in society as a whole. They paint 
a black picture of conditions in industry, but one 
which is generally accurate, even if some statements 
are rather too sweeping. A factory may be a total- 
itarian institution ; but it is not necessarily so, as 
they suggest. Again, factory life does often corrode 
the nobility of reason, but there is no inherent reason 
why it should. 

What stands out most clearly from this study is 
the futility and impracticability of considering factory 
and industrial life age from that of the society 


* Democracy and Industry. Reaveley and J. Winnington. 
Pp. 176. Gleaten : Chatto and Winton 1947.) iGe. 
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which the factory and industry exist primarily to 
serve. Unless the relations between industry and 
the community are satisfactory, we cannot hope to 
get that sense of purpose on which Miss Reaveley 
and Mr. Winnington rightly lay such stress, and 
their book is to be welcomed for the clear way in 
which the relations between industry and the 
democratic State are displayed. They point out 
frankly the danger of an industrial position in which 
conditions of employment steadily atrophy the very 
qualities on which freedom and democracy depend, 
and it was time that someone emphasized that the 
process goes on whatever political party is in power. 

Democracy makes large demands on the moral 
and spiritual, as well as on the intellectual, ability of 
a people, and no system of education will be adequate 
to develop and preserve such qualities if conditions 
of employment are such as to inhibit or discourage 
their use. That is the real danger springing from 
the sense of frustration, however caused, on which 
the authors of this book dwell at length, and we 
must take steps to counter it effectively, just as we 
must meet the danger inherent in propaganda 
and train and encourage men to exercise critical 
judgment and individuality. 

There is a further danger of which rather less 
specific warning is given. The difficulty is due in 
part to the powerful institutions which we have 
inherited from the past. But those institutions 
cannot be destroyed without stripping ourselves of 
our greatest strength. In so far as they are archaic, 
they endanger development and no longer fully serve 
the needs of society ; but they are also the focus of 
social cohesion and the legacy of the wisdom of our 
fathers. Rightly understood, they can be adapted to 
the needs of to-day without sacrificing their funded 
strength, and the real test of our democracy is jts 
capacity to use the institutions it has inhsrited to 
foster spiritual freedom and creativeness. It is a 
moral as well as an economic problem, and the 
intensity of the drive for efficient production must 
not be allowed to encourage practices which destroy 
the purpose and freedom of those who do the work. 

Without discussing the more profound economic 
changes which may be needed, Miss Reaveley and 
Mr. Winnington suggest three immediate steps which 
should help to diminish the clash between the present 
industrial system and democracy. In line with the 
trend of Mr. W. B. D. Brown’s suggested principles 
governing the economic and social aspects of organ- 
isation and industrial justice, they suggest first that 
juster methods of dismissal should be inaugurated on a 
wide scale, and summary and unjust dismissal no longer 
be used as a means of spurring production. Urgent 
inquiry is necessary into the efficacy of the methods 
that have already been tried with some success. 
Secondly, they insist on the importance of training 
of management, and particularly the training of 
foremen and of the lower supervisory grades; 
though equally they stress the necessity of such 
training as well as technical training for the works 
manager. That aspect is already receiving fairly 
general attention, even if some time must elapse 
before full effect can be given to such a policy as 


NATURE 





January 24, 1948 vol. 16) 
was advocated in the report of the Urwick Com 
mittee. Its importance has been stressed in most of 
the reports of the ‘working parties’ of the Board of 
Trade; but more attention might be given by tho 
Government to the promotion of conditions which 
make efficient management easier. The question of 
incentives for management, too, requires more 
attention than it has yet received, and Miss Reaveley 
and Mr. Winnington make an important point in 
directing attention to the value of the support of a 
strong professional ethical tradition, and the way in 
which specific training for management can help to 
develop such a tradition. Further, they rightly 
emphasize that Government cannot well demand 
higher standards of industrial management without 


itself setting the example of a high standard of 


management in its own departments. 

Elsewhere Miss Reaveley and Mr. Winnington are 
disposed to overlook the importance of the technical 
man, and they nowhere show evidence that they 
realize how cssential is his contribution if we are to 
ensure that the processes and operations of industry 
are directed to objectives which are materially worth 
while, and as such can be satisfying and supply the 
worker with a sense of social purpose or professional 
pride or craftsmanship. But they have an eye for 
detail which can count; such as the value of the con- 
tribution from women who bring to their work in 
the factory their house-pride, the weakness of adult 
education in relation to industrial workers, and the 
way in which the factory can be hostile to the pur- 
pose of the home as well as to the qualities on the 
exercise of which the continuance of democracy 
depends. Their third proposal, for the wider and 
wiser use of joint consultation, is a plea for experiment 
in this direction so as not only to secure the greater 
interest and closer co-operation of the worker, but 
also to develop those qualities of responsibility which 
democratic citizenship needs. They suggest, too, that 
we need to explore afresh the problem of recreation 
and the use of leisure, that we need fresh creative 
experiment in social activity, a modern tradition of 
community life, with the restriction of working hours 
and a different type of education that are involved in 
a community life which the industrial or agricultural 
worker is physically able to share. 

Mr. W. D. Brown, in the paper referred to at the 
beginning of this article, suggests that the major 
malaise of industry is lack of participation on the 
part of many, and that we should seek both to wean 
executive authority from its authoritarian attitude 
and to demonstrate to workers that the objectives 
of an industrial undertaking are sufficiently useful in 
the social sense, and sufficiently in their own interests 
in a national sense, to justify their participation. 
The formal committees which are set up in industry 
may well be regarded as class-rooms for the develop- 
ment of spontaneous joint consultation and partici- 
pation, and Mr. Brown indicates principles of 
consultation which may help to avoid some of the 
pitfalls which the joint production committees have 
encountered. These principles should certainly be 
carefully considered by all those concerned to 
implement the plans for the re-establishment and 
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extension of joint consultation in industry which the 
Government regards as so important a means of 
increasing production. 

Industry undoubtedly requires the full develop- 
ment of the consciousness of a common aim or 
purpose before it can give of its best; and joint 
consultation should promote this consciousness. It 
js even more important than the tapping of the 
constructive ideas and practical experience of the 
men in immediate contact with the daily problems 
of an industrial firm in its factories or workshops, on 
which the system of joint consultation is intended to 
assist management to draw. Indeed, that contact 
will not be complete and spontaneous and fruitful 
unless the sense of common purpose is first developed. 
We have to remove the obstacles in the minds of 
men which, as Mr. David Lilienthal has observed, 
are the real barriers to effective co-operation and the 
utilization of our mechanical resource without 
detriment to human personality. 

This is why, as Col. Urwick insists, morale and the 
general assumption of individual responsibility for 
gome share in the national task is the fundamental 
problem, and why it is imperative that, while shed- 
ding the idea of domination which has been associated 
with industrial management in the past, we should 
develop the idea and capacity of leac lership, about the 
nature and exercise of which our war-time experience 
has taught us so much. Leadership respects per- 
sonality and encourages initiative, and it is not too 
much to say that Britain’s recovery from the present 
economic crisis depends on the extent to which, not 
merely in industry but also in Government institutions 
and the public corporations, we can replace the 
climate and tradition of domination by one of 
co-operation, with true leadership summoning forth 
the initiative and enthusiasm of the individuals who 
Indeed, one of our dangers is that we may 
changes in 


follow. 
make the mistake of believing that 
organisation in the field of government, such as 
nationalization of industry or transport or in the 
means of co-operation such as the production com- 
mittees, may in themselves develop leadership. 
Organisation may contribute much, but how much 
depends on the men who use it; the ultimate problem 
is that of the men whose capacity for leadership 
at all levels is the means of creating morale. No 
one concerned with the conduct of industry, on the 
technical, the administrative or the trade union side, 
can ponder too deeply on the meaning of some of 
our war-time experience; the points of particular 
importance have been expounded by, for example, 
Field-Marshal Montgomery, General Slim, Mr. Bernard 
Fergusson in his book ‘“The Wild Green Earth’’ and 
Col. Urwick in his analysis of the lessons of Stalag 
XIB. In matters of training and tradition, the 
encouragement of initiative and the development of 
an effective substitute for the satisfaction of crafts- 
manship, the fostering of a sense of social as well as 
of industrial purpose and of personal responsibility, 
there is still much to be done and to be learnt; Mr. 
Fergusson’s appeal for the lessons of the Burma cam.- 
paign to be applied to our industrial and social life is 
as impressive as General Slim’s stress on the spiritual 
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and intellectual foundations of morale. We are only 
at the beginning of the development of real scientific 
management, and it should be noted that Col. 
Urwick, like other observers, does not fail to point 
out how comparatively weak industry has been from 
this point of view in the lower levels of supervisory 
staff. 

There is indeed much in Col. Urwick’s paper that 
is stimulating to the industrial scientist and to all 
those who hold positions of administrative respon- 
sibility in industry. Valuable as will be the contri- 
bution that the wider provision of courses of training 
in management will make, we do not need to wait on 
that for the constructive thinking and the application 
of experience learnt, sometimes at bitter cost, in 
other fields. The task of building morale, like that 
of fostering co-operation, is one that can be under- 
taken by all men and women of goodwill engaged in 
industry whether on the management side or on that 
of the trade unions. It must be undertaken without 
preconceived ideas, by those willing to experiment 
but able to respect the individuality and personality 
of others even when they hold differing views. These 
are necessary conditions for a fruitful issue from the 
new plans of the Government for joint consultation 
in industry ; but if the task is undertaken in this way, 
we may well find that not only has industry greatly 
increased its efficiency and productivity, but also 
that simultaneously industry has been knit more 
closely to the purpose and traditions of the State in 
which it functions, and that the clash between the 
purposes and ideals of the home and of democracy 
and those of industry has at last been eliminated. 
There can be no doubt that the newly established 
Committee on Industrial Productivity, and in par- 
ticular its sub-committee, under the chairmanship of 
Sit George Schuster, on human factors affecting 
industrial productivity, should be able to make 
important contributions to that end; but its work 
will only reach full fruition when all engaged in 
industry give their full support, and when Govern- 
ment policy and administration no longer obscure the 
declared objectives. 





METHODOLOGY IN 
ETHNOGRAPHY 


The Dynamics of Clanship among the Tallensi 
Being the First Part of an Analysis of the Social 
Structure of a. Trans-Volta Tribe. By Dr. Meyer 
Fortes. (Published for the International African 
Institute.) Pp. xx+270+16 plates. (London, New 
York and Toronto: Oxford University Press, 1945.) 
308. net. 


HIS is a book of considerable interest, both as 

an account of a little-known area in the northern 
territories of the Gold Coast and as an example of 
some present-day trends in social anthropology. The 
Tallensi are @ primitive agricultural people about 
350,000 strong who inhabit the densely populated 
area between the White and the Red Volta. They 
are as ‘backward’ as any in the Gold Coast, and 
Fortes’ previously published material shows their 
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low level of diet and the annual periods of starvation 
or, at any rate, privation, to which they are liable’. 

Taleland has no fixed boundaries and no central 
machinery of government. Its population is mixed 
owing to the constant introduction into Tale country 
of kindred, but not entirely similar, ethnic groups. 
Fortes is concerned to discover how these clans or 
sub-clans of varied origins are integrated to form the 
group commonly known as the Tallensi. He believes 
that this integration is achieved by a common 
pattern of kinship which binds the separate elements 
together as effectively as political machinery, and 
which makes it possible for alien groups to be incor- 
porated by a fiction of common descent. An ancestral 
cult and the joint performance of annual rites to an 
earth goddess enforce the unity of the different groups 
by constantly expressing it. Fortes uses the kinship 
terminology recently employed by Evans-Pritchard 
in the latter’s description of the social structure of 
the Nuer of the Anglo-Egyptian Sudan*, and he 
develops it in an elaborate and very systematic way. 
Words such as ‘kinsmen’ or ‘clan’, which have 
inevitably been used in a variety of different ways, 
are discarded or re-defined, and the author substitutes 
a@ series of more precise terms which reflect the 
origin of the different descent groups in a constant 
process of fission from a common stock. Such groups 
are classified as minimal, major, or maximal ‘lineages’, 
and primary or secondary segments, to indicate the 
type of fission which has taken place, and the rules 
of seniority within the group. 

The system of relationships which governs human 
behaviour in this small and very primitive society is 
expressed in diagrams, geometrical figures, and meta- 
phors derived from the mechanical and biological 
sciences, such’as planes of cleavage, parallelograms of 
balanced structure, fusion, fission and segmentation. 
This treatment of ethnographical material raises 
interesting methodological questions. The last 
twenty or thirty years have seen the emergence of 
social anthropology as an observational science. Fiéld 
studies of primitive communities have reached a 
new standard of detail and have been made on the 
basis of longer and more intensive investigations and 
by means of a much closer participation in the lives 
of the people studied. The recent adoption of 
observational techniques common to other social 
sciences, such as case histories, social survey, and 
statistical methods of different kinds will extend the 
area over which observations can be considered 
valid and make it possible to estimate more closely 
the degree of variation from different norms of 
behaviour. 

But the range of anthropological observation was 
already very wide. Anthropologists have repeatedly 
claimed that they studied cultures as ‘wholes’, and 
that their task was to show the inter-relation of the 
different aspects of human behaviour, whether 
economic, legal, religious or political, which go to 
make up the traditional heritage distinguishing the 
little Tale from the little Londoner. It is still prob- 
ably true to say that one of the most distinctive 
contributions that the anthropologist has made to 
the social sciences is this concept of culture, which 
allows him to speculate over wider fields than those 
open to the more specialist social sciences, such as 
economics or law. 

How, then, is the social anthropologist to deal 
with the mass of detail with which the new field 
techniques provide him ? How, in other words, is he 
going to be able to record more and more about more 
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and more ? Malinowski solved the problem in on 
way by isolating particular institutions associate 
with fundamental human needs, such as family an: 
kinship, or economic organisation, and proving wit 
the utmost detail the inter-relation between, say. 
material culture, knowledge, law, beliefs and soci: 
organisation as they enable man to fulfil thes 
particular needs*. The work was so detailed tha: 
this arch-exponent of the unity of human cultur 
did not, in fact, describe the whole of the culture 
the very small island with which he dealt, nor dic 
he proceed on the basis of his detailed field obser\ 
tions to develop comparative studies. 

Fortes, together with Radcliffe-Browne, Evans. 
Pritchard and other followers of Durkheim, follows 
another course. These writers attempt to achieve 
simplicity by the rigid limitation of their material to 
one particular aspect of culture, that is to say, the 
system of social relationships or social groups, to 
which they give the name ‘social structure’, and 
which they describe with a mathematical precision 
as abstract as the enunciation of some economic law. 
This is interesting and stimulating work. Anything 
which makes for precision of terminology in young 
sciences is valuable, and Fortes certainly challenges 
us to think out our kinship terminology anew. 
There are, however, elements of danger in the 
experiment he has made. The isolation of structural 
problems must be in a sense artificial, and Fortes’ 
book shows some of this weakness. Groups do not 
exist in vacuo. They follow organised activities in 
particular environments; they obey rules, accept 
beliefs, and build up an illogical tangle of sentiments 
and values. Their success is limited by their material 
equipment and the biological laws to which they are 
subject. All these different factors make for the 
infinite variety of human behaviour, and in the 
context of actual life there are no rigid groups but a 
variety of possible principles of relationship, some of 
them quite conflicting. The Tale lineage system is 
incomprehensible until the geometrical diagrams and 
symbols in which Fortes expresses it are re-interpreted 
in terms of ritual, agricultural activities, systems of 
land tenure and of housing and methods of warfare. 
Some of the complexity of his descriptions is doubt- 
less due to a rather confused prose style; but it is 
also the result of his attempt to isolate an aspect of 
social structure—in this case, a descent system— 
from the whole institution of marriage, family life 
and economic activities from which it springs. 
Surely anthropologists will have to bring order into 
the increasing variety of their material by adopting 
definite conventions for the outline descriptions of 
the main aspects of culture (activities, structure, 
beliefs, norms, values) and its major institutions. 
Detailed accounts of special aspects analysed for 
comparative purposes will be facilitated by such 
systematic descriptions. Simplification by elimination 
of relevant data may lead not only to faulty emphasis 
but actually to a greater complexity in the presenta- 
tion of material. 

There also seems to be an element of danger in 
Fortes’ attempt to express field data in terms of 
philosophical abstractions, although such abstractions 
can obviously be made once the concrete data have 
been presented. Fortes himself was trained as an 
experimental psychologist and later in the intensive 
type of field-work developed by Malinowski. It is 
clear from passing references what a mass of concrete 
data he has collected. But his material is often 
presented in the form of metaphors that were 
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common in the philosophical sociology of the begin- 
ning of this century rather than in the language of 
the observational sciences. Such phrases as “the 
polar opposites of the idea of unity, arising out of 
the very same balance of social forces that make 
unity possible”, or the suggestion that Tale society 
is “a mosaic counterbalanced by cleavages’’ can have 
no possible verification in terms of the recorded data 
or the formalized views expressed by the people 
themselves. Is it not possible that younger genera- 
tions of anthropologists, lacking Fortes’ scientific 
training, may come to believe that the framing of a 
logical system of human relationships and its diagram- 
matic presentation are more valuable than the analysis 
of the cases which make for variation? In other 
words, may not such work lead to the minimum of 
observation rather than to the maximum amount ? 
It was the fashion twenty years ago to rail against 
the ‘arm-chair anthropologist’. Will not such work lead 
to a movement which might be described as ‘Back to 
the arm-chair’ ? For this reason the present reviewer 
regards Fortes’ book as an important, stimulating, 
and in many ways a brilliant book, but also, from 
the point of view of scientific method, a somewhat 
disturbing one. A. I. Ricnarps 
' Fortes, M., and Fortes, 8. L., “Food in the Domestic Economy of the 
Tallensi"’, America, 9, No. 2 (1936). 
* Evans-Pritchard, E. E., “The Nuer” (Oxford University Press, 1929). 
*Malinowski’s analysis of culture into a series of ‘aspects’ and 
‘institutions’ centred in fundamental biological needs is described 


in its final form in his posthumous book “The Scientific Study of 
Culture’, 1944. 


THE WAR EFFORT OF A GREAT 
ENGINEERING ORGANISATION 


Men and Volts at War 
The Story of General Electric in World War II. By 
John Anderson Miller. (Whittlesey House Publica- 
tion.) Pp. xi+272+123 plates. (New York and 
London: McGraw-Hill Book Co., Inc., 1947.) 19s. 
YP sub-title of this volume is “The Story of 
General Electric in World War II’, but in 
content it goes a good deal beyond this scope, 
and tends to become rather a history of the American 
war-machine, in which one sees at every turn the 
applications of the products of the General Electric 
Co. and the achievements of its scientific workers 
and engineers in dealing with new war problems. 
Although the author has avoided saturating his 
volume with statistics, one is struck by the immensity 
of the war output from the General Electric Group 
of factories with their 175,000 workers—output 
stated to be three times that previously attained. 
While many new devices were developed for war 
purposes by the Company, a great proportion of its 
effort involved only a modification of its existing 
products to meet special war requirements; and 
the great problem in this connexion was the organ- 
isation of plant, tools, productive equipment and 
personnel to meet the stupendous output involved. 
Such organisation required continual adjustment to 
satisfy the ever-changing war requirements. Only a 
company possessing very great resources in scientific 
and technical personnel, production organisation, 
and plant and equipment could effect the adjustment 
required in so incredibly short a time, and in so 
efficient a manner. The existence of this and other 
great manufacturing companies was one of the most 
vital of America’s war assets, because they could so 
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rapidly be adapted to war needs. The rapidity with 
which emergency problems arising in remote theatres 
of war were solved was remarkable. It is interesting, 
also, to note that the technical developments that had 
been undertaken many years previously were of 
immense war-time usefulness, electrical ship pro- 
pulsion and the turbo supercharger being two such 
developments. The author correctly points out that 
whereas the First World War was largely mechanical 
in its engineering character, the Second World War 
was marked by electrical engineering applications, 
notably in radar, signalling, communications, air- 
craft, gun ranging, a multiplicity of instruments, 
welfare, health and medicine. 

In a foreword, Charles E. Wilson, president of the 
General Electric Co., says that since it would be 
impossible to mention all to whom credit is due, the 
story of the Company’s war-work has necessarily 
been written without emphasis on the contributions 
of particular individuals. This is rightly so; but one 
would like to pay special tribute to the management 
of this great engineering organisation which had the 
courage, initiative and resource to shoulder staggering 
burdens under the greatest possible pressure of time, 
and with the minimum opportunity to assess in detail 
the extent of the problems involved in relation to 
the facilities of materials and personne! available. 

The volume is a fine work, well written and excel- 
lently produced with many small ‘packets’ of well- 
titled illustrations on art paper inserted at intervals. 
There is a good index and the appendixes which 
describe General Electric Co. plants and their war 
production are noteworthy. 

A. P. M. FLEMING 


CO-OPERATION BETWEEN 
MEDICAL AND AGRICULTURAL 
PHYSIOLOGY 


The Problem of Fertility 

Proceedings of the Conference on Fertility held 
under the auspices of the National Committee on 
Maternal Health. Edited by Earl T. Engle. Pp. 
viii + 254. (Princeton, N.J.: Princeton University 
Press; London: Oxford University Press, 1946.) 
21s. net. 


HE practical application of the science of the 
physiology of reproduction lies in two distinct 
fields, that of human medicine and that of animal 
husbandry. The bringing together of workers in 
these two fields to discuss recent research on the 
problems of fertility, the results of which are set 
forth in this book, should have important reper- 
cussions in the future, not only for applied, but also 
for pure science. It is evident from a study of the 
various chapters that a comparison of the reactions 
of different species throws considerable light on 
their different physiological balances and opens the 
way for advances in disentangling the mechanisms 
involved. Striking differences exist between species 
in respect to the methods whereby ovulation can be 
induced and in the biology of the spermatozoa. In 
this book recent research work on these subjects has 
been described in papers by different specialists, and 
the discussion which followed is reported. 
Among the various papers presented, Asdell 
describes the different patterns of cestrous cycles, and 
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points out that the response to hormones depends 
not only on dose but also upon the response thresholds, 
which vary in the different species. Work on ovula- 
tion and estrus in sheep and goats is reviewed by 
Phillips, Fraps and Frank, who quote many references 
to recent work, particularly in connexion with the 
breeding season, optimum time to breed and 
responses to administration of gonadotrophins. Casida 
contributes an important paper on the induction 
of ovulation and subsequent fertility in domestic 
animals, in which he discusses super-ovulation, and 
concludes that the potential fertility of the ova that 
were Ovulated by the use of pituitary gonadotrophins 
was affected markedly by the phase of the reproduc- 
tive cycle at the time of treatment. Ovulations that 
were induced during the luteal phase yielded eggs of 
low fertility. The ovary at the time of ovulation is 
described by Corner. A review of the hormonal 
control of ovulation, with extensive references to the 
literature, is presented by Cole, who concludes that 
while ovulation can be produced regularly in certain 
species with several gonadotrophins, the response in 
primates is a haphazard one. 

Pommerenke and Viergiver report observations on 
the cervical mucus and the menstrual cycle, Simmons 
discusses the cervix uteri in infertile matings, and 
Abarbanel gives details concerning spermatozoa and 
the cervical mucus. In an important paper on the 
glycolysis, viability and fertility of bovine sperma- 
tozoa as influenced by their concentration, Salisbury 
reports full fertility from dilutions of up to 1: 100 
stored for a limited period of up to about four days. 
Macleod discusses the metabolism and motility of 
human spermatozoa, and Berliner the biology of 
equine spermatozoa. Chang reports experiments on 
the fertilizing capacity of rabbit spermatozoa and 
shows that the large number of ova ovulated by 
gonadotrophin injection does not require a pro- 
portionately larger number of spermatozoa for fertil- 
ization. 

Methods employed in the artificial insemination of 
eattle are briefly described by Bartlett, and experi- 
ments on the effect of synthetic thyroprotein on 
sterility in bulls are reported by Reineke. 

This book not only provides a good source of 
information for workers in this field, but also should 
act as a stimulus to further research work on the 
problems of fertility. 


GRAMMAR SCHOOL SCIENCE 


The Teaching of Science in Secondary Schools 
Compiled by a Joint Committee of the Incorporated 
Association of Assistant Masters and the Science 
Masters’ Association. Pp. xi+292. (London: John 
Murray, 1947.) 8s. 6d., net. 


T the outset we must say that this is the most 

useful book on the practical problems of the 
teaching of science in grammar and ‘public’ schools 
which has yet appeared. It is the work of a com- 
mittee of the Incorporated Association of Assistant 
Masters and the Science Masters’ Association. About 
thirty members, for the most part science masters in 
public and grammar schools, were assisted by two 
hundred corresponding members. The result is a 


book which deals honestly and practically with every 
problem of the teaching of science at this level. It 
will prove of special value to teachers in grammar 
schools and in the education departments of the 
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universities, and much of the book will be of value 
to those who teach science elsewhere, although th 
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special problems raised by the subject in the secondar\ 
modern schools do not receive any attention. In « 
community the life and prosperity of which can on! 
be sustained by the intelligent and continuous app|i. 
cation of the principles of science, and in a civilization 


which can only continue by a real appreciation of 


the philosophy and methods of science, it is more 
than ever necessary that there should be, effective 
teaching of science in all post-primary schoo! 
With the groups of higher intelligence we must 
ensure that the claims of seience, both as a cultural! 
and as a utilitarian subject, are not only understood 
but also are adequately catered for. Industry and 
administration attract many well-qualified science 
graduates who formerly would have entered the 
teaching profession. The present work does weil to 
deal with the problem of the training of the science 
teacher in his student days. 

The book begins with a succinct account of the 
history of science teaching in Britain, and its airs 
and functions. It deals with the problems of schoo! 
certificate, higher school certificate and university 
scholarship examinations critically, and comments, 
“the type of examination imposed often prevents a 
broad treatment of the subject and tends to reduce 
science teaching to the memorizing of facts and their 
reproduction as examination answers”. The council 
of the Incorporated Association of Assistant Masters 
recently reaffirmed its opinion that in schools with 
the lower age of entry, the school certificate should 
normally be taken at the age of sixteen after a five- 
years course, and it is with this policy in mind that 
it is considered that the absolute minimum of time 
which should be allotted to science in the secondary 
school is two hours per week (three teaching periods) 
between the ages of ten and twelve, and four and a 
half hours (six or seven teaching periods) between 
the ages of twelve plus and sixteen plus. “It cannot 
be emphasized too strongly that in many instances 
the apparent failure of science teaching is due to 
the neglect of this recommendation (made as long 
ago as 1918) by headmasters and education author- 
ities.” 

The book deals with laboratories and other science 
rooms, their equipment and the maintenance of 
apparatus and supplies. It wisely stresses the value 
of ‘scientific handicrafts’ as a part of the equipment 
of every science teacher. One is impressed by the 
detailed and comprehensive advice, the result of 
many years of experience on the part of a large 
number of practical teachers, in these sections. 

The book goes on to give an account of the various 
methods of science teaching: short and effective 
sections deal with the project method, group methods, 
the Dalton plan, class discipline, syllabuses and 
courses, historical, anecdotal and _ biographical 
methods, topic, concentric and unit plans. It he 
some interesting remarks to make concerning th 
heuristic method, the psychological development of 
children in its relation to science teaching. The 
correlation between the teaching of science and that 
of other subjects is not forgotten. Other chapters 
deal with advanced course work, examinations, 
optical and other aids in teaching, the training of 
science teachers, first aid in the laboratory and the 
science teacher and the law. There are useful 
appendixes on facilities for further instruction in 
science, examples of ‘new type’ examination questions 
and a good bibliography. W. L. SuMNER 
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THE THEORY OF PRIMARY 
CALCIFICATION IN BONE 
By Dr. MARCEL J. DALLEMAGNE 


Laboratory of Experimental Surgery, University of Liége, 
Belgium 


No. 4082 


HE theory of primary calcification was advanced 
p 1928 by Kramer and Shear' to explain the 
stages Of mineral precipitation in bone in course of 
formation. If this theory is to apply to the process of 
sification submitted by Roche’, it will refer to the 
beginning of the fourth stage, that of the deposit of 
salt in organic bone. 

According to Kramer and Shear, bone salt is not 
tricalcium phosphate, but is, at any rate at the 
beginning of calcification, secondary phosphate con- 
taining calcium and phosphorus in the quantitative 
ratio of 1-29. These authors refuse to admit the 
existence of tricalcium phosphate as a chemical entity 
and they consider the nature of bone salt to be quite 
nknown; their hypothesis is that the Ca/P ratio 
which chemical analysis reveais in bone attains to 
the normal value of adult tissue (+ 2;20), since 
licalcium phosphate absorbs lime or carbonate in 
sourse of the calcification. 

This opinion is derived from tie following : 

(1) If the classic formula Ca,(PO,), is attributed to 
tricalcium phosphate, the formation of this salt must 
result from a reaction of the fifth order, the possibility 
f which is open to dispute. Shear and Kramer* 
affirm that they have never been able to obtain proof 
ff the existence of a compound having this formula. 

(2) Kramer and Shear refer to the experimental 
results of Holt, La Mer and Chown‘ and apply to them 
the solubility product law. Their opinion is that 
the precipitation of phospho-calcium salt takes place 
mly at the moment when the solubility product of 
licalcium phosphate pKg5p [Cat] {[HPO;7] is 
attained in the liquid phase. This precipitate does 
not, therefore, correspond to the tertiary salt but to 
the secondary salt of the type termed by mineralogists 
brushite’. 

In an attempt to verify these results obtained in 
the realm of physical chemistry by experiments on 
animals, Kramer and Shear made rats rachitic, then 
cured them and examined the nature of the salts 
freshly deposited in the osteoid tissue. 

They expected to find a Ca/P ratio corresponding 
to that of dicalcium phosphate ; but, on the contrary, 
they found that the calcium and the phosphorus 
formed a quantitative ratio greater than that of 
tertiary salt (1-94). 

Although these results constitute a set-back to the 
theory of primary calcification, it has later been sup- 
ported by important arguments in its favour. 

The chemical study of bone callus’:*, of the embry- 
onic bone and tooth’, and of bone of periostic origin’, 
reveals that young osseous tissue is far richer in 
phosphorus as compared with calcium than the adult 
bone. Fig. 1 shows the evolution of the Ca/P ratio in 
bone of periostic origin. In tissue of recent formation 
its value is very low, but it increases progressively as 
ossification takes place ; it passes 1-29, the value of 
secondary phosphate, and 1-94, that of tertiary 
phosphate; it then goes beyond this figure and, 
following the precipitation of calcium carbonate, halts 
around 2-20, the characteristic figure of adult bone. 

One would gladly interpret these results by sub- 
mitting that, at a certain point in the development of 
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Fig. 1. RISING VALUE OF THE CALCIUM-PHOSPHORUS RATIO 


DURING OSSIFICATION OF THE HYPERTROPHIC PERIOSTEUM 


bone, its salt corresponds to brushite susceptible of 
being transformed into tricalcium phosphate following 
molecular due to local physico-chemical 
conditions. 

The possibility of the presence of brushite in young 
bone is also indicated in the results of Ettori, Gran- 
gaud, Benoit and Clavert®. These authors study the 
chemical nature of bone formed in the medulla of 
some of the long bones following cestradiol adminis- 
tration to pigeons. They determine both calcium 
and phosphorus together in the newly formed 
medullary trabecule as in the surrounding old 
diaphyseal bone ; they find calcium and phosphorus 
in & quantitative ratio often nearer to that of secondary 
salt than to tertiary salt; pigeons are treated from 
five to a hundred days with a daily injection of 
0-25 mgm. of cestradiol dipropionate (the lowest 


Ca/P ratio would seem to appear after twenty days of 


changes 


treatment). 

After examining the whole field connected with 
primary calcification, we begin to wonder if the 
arguments which sustain this hypothesis are very 
convincing. 

If the smallest Ca/P ratio found by Roche and by 
ourselves in bone in course of formation equalled that 
of secondary phosphate (1-29), which is the salt of 
calcium and phosphorus richest in the latter element 
and the least soluble, there would be no doubt. How 
are we to explain by Kramer and Shear’s theory that 
in very young bone the Ca/P ratio may be less than 
1-29? We have found 0-35, and Roche has observed 
still lower values. 

Following these considerations, we proceeded to 
work out the American authors’ theory experiment- 
ally from its foundations. 

If we add lime to phosphoric acid so as to register 
pH continuously, we obtain the curve (broken line) 
of Fig. 2. The pH rises regularly until a precip- 
itate appears ; at this point it falls temporarily. The 
formation of the precipitate clearly retards the 
alkalinization of the liquid phase by the lime. The 
PH begins to rise again when the concentration of the 
anions in solution appreciably diminishes. 

At whatever point on the neutralization graph the 
precipitate phase appears, it always corresponds to 
tricalcium phosphate; this is demonstrated both 
chemically and physically’. 
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Fig. 2. TITRATION CURVES OF PHOSPHORIC ACID NEUTRALIZRD 
BY LIME ; ---~--, DURING NEUTRALIZATION ; ———. AFTER EQUILIB- 
RIUM. INSET, NATURE OF THE SOLID PHASE AT DIFFERENT TIMES 


We are also able to fix each stage of the process of 
neutralization in separate preparations which we can 
preserve until equilibrium is obtained; if we take 
pH readings after 15 days, we do not register the same 
curve: it is much more regular and it has descended 
in the course of establishing the equilibrium (Fig. 2, 
full line). This descent is due to precipitation which 
has slowly taken place and to modifications undergone 
by the solid phase; the space between the two 
curves is the greater because of the abundance of the 
latter. The composition of the liquid phase has been 
modified during the establishment of equilibrium, and 
so has that of the solid phase ; the precipitate is no 
longer the same at all points of the curve. 

From 1-2 to 1-7 equivalents of lime, the precipitate 
consists of pure brushite. From 1-7 to 2-3 equivalents 
it is a mixture of tricalcium phosphate and brushite, 
with the latter gradually diminishing as a greater 
quantity of lime is added to the acid. Beyond 2-3 
equivalents of lime, the solid phase consists of pure 
tertiary salt. 

In the course of establishing this equilibrium, which 
requires only a few weeks, the precipitate has under- 
gone an intermediate evolution. The original tertiary 
salt was completely transformed into brushite from 
1-3 to 2-05 equivalents of lime and partially from 
2-05 to 2-50 equivalents. Brushite, therefore, within 
certain limits develops and then regresses. This is 
due to the inverse operation of two reactions: one 
tends to form brushite at the expense of tertiary salt 
and the other consists in hydrolysis of the brushite, 
resulting in reforming tertiary salt. 

If the first precipitate formed on contact of the 
ions Ca++ and POF always corresponds to tertiary 
phosphate, is it possible that, in bone in course of 
calcification, the neutral salt originally crystallized 
alters to brushite and then returns to its original 
condition ? Such a conception in no way agrees with 
observations which have been made on the deposit of 
mineral matter in the osseous tissue during growth. 

In the course of another series of experiments, we 
made a particular study of the liquid phase in equi- 
librium with the precipitate’. We observed that in 
preparations containing brushite crystals, the product 
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[Ca**] x [HPO] is equal to the solubility constant 
of secondary salt (Fig. 3, circles). On the other hand, 
wherever tertiary salt is pure in the solid phase, the 
liquid phase is under-saturated with secondary salt 
(Fig. 3, points), and its mineral composition obeys 
the law pKsp = [Catt], x [PO}],. Consequently, 
in a certain zone of the neutralization graph, althouh 
tertiary salt is present, the ionic product corresponds 
to the solubility constant of secondary salt becaiise 
the solid phase contains brushite. Nevertheless, in 
certain samples, there is so little of the latter, on 
well-defined portions of Fig. 2, that chemical analysis 
fails to reveal it and returns a Ca/P ratio corresponding 
to tertiary salt. It can be observed optically only. 
Kramer and Shear, who do not make use of the 
optical method of research and of characterization of 
crystals, have admitted that the total of the pre. 
cipitate corresponds to dicalecium phosphate with 
the addition of lime and carbonate; although it 
contains only very occasional crystals drowned in the 
mass of neutral salt; but these crystals suffice to 
condition the saturation of the liquid phase with 
respect to dicalcium phosphate. Further, the zone 
of the neutralization graph in which the liquid phase 
is under-saturated with secondary salt and the 
precipitate entirely constituted of tertiary salt and 
containing no brushite has not been examined by 
Kramer and Shear. 








EFFECT OF THE IONIC STRENGTH OF THE LIQUID PHASE 
ON THE SOLUBILITY CONSTANT OF DICALCIUM PHOSPHATE 


Fig. 3. 


© , Solid phase contains brushite crystals ; @ , solid phase consists 
of tertiary salt only; H-L-C, values obtained by Holt, La Mer 
and Chown; A-S, values obtained by Kugelmass and Shoh. 


In spite of these authors’ observations, the 
existence of tertiary salt must be admitted as a 
possibility. 

We have also worked out Ettori, Grangaud, Benoit 
and Clavert’s experiments, choosing the condition 
which enabled them to obtain the lowest Ca/P ratios 
in pigeon’s bone. Unlike Ettori, we prefer, for greater 
precision, to separate the newly formed bone from 
the old bone and determine the calcium and phos- 
phorus that both contain. We have never found the 
Ca/P ratio to be less than that of tricalcium phosphate. 
So as to confirm the absence of brushite in folliculinic 
bone by a more exact process than chemical analysis, 
we measure the refractive index of old bone cortex 
and of new medullary bone, freed from their organic 
matter by prolonged boiling in glycerine containing 
6 per cent potash. 

Refractive index of 
mineralized bone 


(A 589-1 A.) 
: cortical bone 1-595 
Pigeons control old medullary bone 1-595 -o 
cortica ne 1-591 + 0-000 
Pigeons treated new medullary bone 1-590 + 0-0018 
Cattle cortical bone 1-590 
a-Tricalcium phosphate 1-590 
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X-RAY PHOTOGRAPHS OF DICALCIUM PHOSPHATE (1), OF 
BONE (2-6), AND OF NORMAL DIAPHYSEAL PIGEON 
BONE (7-8) 


Fig. 4 
POLLICULINIC 


As is shown in the accompanying table, the 
refractive index of new and of old mineralized bone 
exactly corresponds to that of «-tricalcium phosphate, 
the hydrated form of tertiary salt**. 

In collaboration with H. Brasseur, we submitted 
old bone and folliculinic bone to X-ray diffraction, 
and we obtained in every instance the radiogram of 
a-tricalcium phosphate, which is very different from 
that of dicalcium phosphate". 

These radiograms are grouped together in Fig. 4. 

There remains only to consider the opinion of 
Kramer and Shear in respect to tricalcium phos- 
phate. 

We are enabled to characterize tricalcium phos- 
phate in its two forms, hydrated and non-hydrated, by 
the use of X-ray diffraction and by precise chemical 
research in collaboration with H. Brasseur™. The 
principal salt present in bone, isomorphous to 
apatite, is constituted of three molecules of Ca,(PO,), 
combined with two molecules of water. When heated 
to 700° C., the latter are eliminated and tricalcium 
phosphate answers to the classic formula Ca,(POQO,),. 
Heated to 900°, with a stoichiometrically defined 
amount of calcium chloride, of fluoride, of carbonate 
or of oxide, it combines with the latter to form a 
true apatite. 

There is therefore no longer any doubt as to the 
nature of the stable chemical composition of tri- 
calcium phosphate. 

Greenwald'® introduced an important element 
which might, if supported by new experimental 
proofs, cause a modification in the arrangement of 
the atoms of calcium and of phosphorus in the formula 
of tricalcium phosphate and which would furnish an 
answer to Kramer and Shear’s objection relative to 
the manner of formation of tertiary salt. Greenwald 
submits that tricalcium phosphate is a salt of the 
acid HCaPO,, the existence of which he thinks he 
has observed in solution, both in the ionized and 
non-ionized form. Thus, tricalcium phosphate might 
originate in course of a second-order reaction which 
agrees perfectly with the manner of its experimental 
formation. In its hydrated form, then, «-trical- 
cium phosphate would correspond to the formula 
[Ca(CaPO,),];-H,(OH),. 
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Thus the theory of primary calcification, having 
lost both its experimental and theoretical founda- 
tions, fails to explain the mechanism of calcification. 

How then can we explain, apart from the theory 
of primary calcification, the progressive rise of the 
Ca/P ratio in bone in course of formation ? 

It is clear that the ions POF, when freed from 
phosphoric esters in the course of the second phase 
of ossification, must attach themselves to an organic 
element, for at this point we do not find a sufficient 
quantity of mineral cations in the bone to constitute 
an insoluble compound with phosphorus. Possibly 
it may be to the pre-osseous organic substance itself 
that they become attached ? But we can say with 
certainty that by whatever means the POF ions may 
be fixed in the precursor of the bone ossein, the Ca/P 
ratio of bone in formation continually rises because 
the microcrystals of «a-tricalcium phosphate are 
progressively deposited in a tissue rich in POF ions. 
It is but a coincidence that the Ca/P ratio touches 
the value 1-29 and in no way explains the presence 
of brushite in bone in course of formation. 
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THE WEST AFRICAN CACAO 
RESEARCH INSTITUTE 
By O. J. VOELCKER 


STATEMENT made by the Secretary of State 

for the Colonies in the House of Commons in 
1946 disclosed the fact that a sum of £1} million was 
to be set aside from the profits of the West African 
Cocoa Control Scheme for cacao research in West 
Africa. This decision gave effect to the proposal put 
forward by the previous Government’. 

That a sum of this magnitude should be devoted 
to research on one specific crop is a matter of con- 
siderable interest and importance in the history of 
agricultural research in the British Colonial Empire. 
The reason for research on this scale is not far to 
seek. The territories of the Gold Coast and Nigeria 
normally produce for export about half the world’s 
600,000 tons annual consumption of cacao beans, 
and the wealth of the Gold Coast, and to a lesser 
degree that of Nigeria, is intimately bound up with 
the production of cacao. Within recent years, pests, 
diseases and the degradation of certain soils have led 
to marked reduction in crops. 

The genus Theobroma is not indigenous to Africa. 
The introduction of Th. cacao to, West Africa is 
generally considered to have taken place in the 
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latter part of the nineteenth century. Over certain 
areas climatic and edaphic conditions proved favour- 
able for the growth of cacao, and its cultivation by 
peasant farmers spread rapidly. The migration of 
pests and diseases from indigenous vegetation to 
cacao might have been expected under these con- 
ditions and has, in fact, occurred. There is evidence 
that equilibrium has not yet been reached between 
cacao and indigenous pests and diseases, and further 
trouble must be expected. 

Prior to 1930 cacao research throughout the world 
had not been impressive, and cacao might well have 
been termed the Cinderella of tropical plantation 
crops. In West Africa little attention had been paid 
to selection, and none to controlled pollination or to 
methods of propagation; experiments designed to 
investigate the best methods of growing cacao were 
few and far between. There were, however, notable 
exceptions, and among these may be mentioned 
Cotterell’s investigations into the capsid pests 
Sahlbergella singularis, Hagl. and Distantiella theo- 
broma, Dist., and Dade’s werk on black pod disease 
(Phytophthora palmivora), Butl. 

In 1930 the Department of Agriculture, Nigeria, 
followed some years later by that of the Gold Coast, 
commenced programmes of cacao research on a small 
scale. Stimulation was further afforded by the 
inauguration of planned cacao research at the 
Imperial College of Tropical Agriculture, Trinidad. 

The observed deterioration of cacao farms in the 
Eastern Province of the Gold Coast led, in 1938, to 
the creation of a research station at Tafo in that 
Province, to investigate the causes of deterioration 
and to provide facilities for other lines of cacao 
research in the Gold Coast. One year later, Posnette 
demonstrated that much of the deterioration was 
due to virus disease—commonly known as swollen- 
shoot. The significance of the discovery of a lethal 
virus disease of cacao became fully appreciated in 
London; this and disturbing reports on the preva- 
lence of capsid pests throughout the West African 
cacao belt resulted in a visit in November 1943 by 
Sir Harold Tempany, agricultural adviser to the 
Colonial Office. It was then decided to broaden the 
scope of the work being done at Tafo to cover all 
fundamental problems affecting the crop in West 
Africa. As part of the research programme it was 
considered necessary to gain reliable information on 
the conditions prevailing on the cacao farms: the 
presence or absence of specific diseases and pests, the 
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age of the trees and ‘he 

location of the farms them. 

selves. The Governmeits 
ae of the Gold Coast and 
Nigeria, financed to the 
extent of £105,000 from 
the £1} million, agreed to 
put in hand at once sur. 
veys to provide these data. 
The adjacent French (ol. 
onial Governments also 
agreed to survey the cacao 
farms in their territories 

Within the first few 
months of the commence. 
ment of these surveys, 
small outbreaks of cacao 
virus disease were <iis- 
covered in Nigeria. 
disease was also found to 
be widely distributed 
through the Gold Coast and Ivory Coast, but has 
not yet been disclosed in the Cameroons. Delay in 
the discovery of these sources of virus infection and 
in devising control measures would have jeopardized 
the whole future of West African cacao. 

It stands to reason.that the immediate programme 
of research is to devise control measures against the 
two major menaces to West African cacao, namely, 
virus disease and capsid pests. The long-term pro- 
gramme includes fundamental work on the physiology 
of cacao (edaphic and climatic factors limiting growth 
and yield), the breeding of improved varieties and 
the evolution of technical methods of growing cacao 
and preparing the beans for market. Constant atten- 
tion will always have to be paid to minor pests and 
diseases, since experience has shown that these may 
become of major importance. 

The Institute came into being on April 1, 1944, 
with a European establishment of twenty approved 
during the year. It has been deemed inexpedient 
immediately to increase the staff to twenty-seven 
as recommended by the Cocoa Research Conference 
held in London in 1945*. The establishment consists 
of a director, a principal research officer, specialists 
in the Divisions of Pathology and Botany, Entomo- 
logy, Soil Science and Agronomy, and a secretary. 
Normally the head of each Division will be a senior 
specialist. The African staff includes forty technical 
assistants. 

Since 1944 rapid expansion has taken place at Tafo 
to cater for the increased staff and research activities. 
The existing laboratories have been purchased from 
the Gold Coast Government and extended ; plans 
have been drawn up for the erection of permanent 
houses to replace the ten temporary bungalows, for an 
administrative building, quarters for African staff and 
for other permanent structures. Pipe-borne water is 
to be supplied, and the old station of 270 acres has 
been increased by the acquisition of a further 640 
acres. Detailed topographical, geological, soil and 
vegetational surveys as well as an aerial photographic 
survey have been made of the Institute’s land. Four 
experimental sub-stations and one started by the 
Department of Agriculture in 1940 have been set up 
in the vicinity of Tafo, and an entomological sub- 
station has been started in Nigeria. 

In spite of the inevitable difficulties of recruiting 
staff and of obtaining equipment and apparatus, the 
first three years of the Institute have been productive 
of results of great importance to the West African 
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eacao industry. This achievement has been made 
possible by working in the closest collaboration with 
the Departments of Agriculture, from which the 
Institute has taken over and developed several lines 
of investigation initiated prior to 1944. 

Much remains to be explored in connexion with 
swollen-shoot disease ; but the field vectors are now 
known and considerable data have been accumulated 
oncerning the viruses and virus strains causing this 
disease. While no example of immunity in 7'h. cacao 
has been discovered, work on tolerance is leading to 
results which may be of more than academic interest. 
Control of the disease in the field by rogueing infected 
trees has been proved, and this method is being 
adopted with vigour by both the British and French 
West African Governments. 


Although no practical control of capsid pests of 


acao has yet been proved, small-scale trials with 
recently developed insecticides are giving promising 
results. The system of cacao farming adopted by the 
\fricans and their lack of mechanical skill will, 
however, act as a severe handicap to the use of 
mechanical apparatus on which chemical control so 
argely depends. Unfortunately, no success has yet 
obtained on the biological control of cacao 
apsids. The discovery by the Institute that much 
of the damage formerly ascribed to capsids alone is, 
in fact, due to subsequent invasion by the fungus 
Calonectria rigidiuscula (Berk et Brme) Sacc. further 
complicates the problem. 

Definition has now given to soils in West 
Africa which are suited to permanent cacao cultiva- 
tion, and it has been shown that the presence of virus 
disease or capsid pests is in no way dependent on the 
type of soil on which cacao is grown. A rapid method 
if soil surveying, based on the American system, has 
been evolved by the Institute, and the Gold Coast 
and Nigerian Governments are now considering 
putting into effect soil surveys, one object of which 
would be to assess the area of actual and potential 
land suited to permanent cacao cultivation. 

A valuable collection of varieties of Th. cacao has 
been introduced from the West Indies, South and 
Central America, and is now established at Tafo. 
Marked differences in growth are already apparent, 
and many varieties exceed the West African Amelo- 
nado (a lower Amazon type) in robustness. Seven 
species of Theobroma other than 7'h. cacao have also 
been introduced. The collection is by no means 
complete ; but it will be surprising if that now estab- 
lished by the Institute does not produce plant 
material of the utmost value either through resistance 
to diseases or pests, or through increased yields. 
There is the further possibility that certain varieties 
may thrive on soils which are not suitable for the 
growth of West African Amelonado, and thereby 
extend the range of cacao cultivation. 

An ordinance passed in March 1947 by the Gold 
Coast Government provides for the legal establish- 
ment of the Institute and for a statutory committee 
to control and administer it. After meeting the 
expenditure on the surveys, the recurrent expenditure 
of the Institute during 1944-47, and the extraordinary 
expenditure at Tafo, a sum of some £850,000 remains. 
The interest from this, fortified by the periodic sale 
of investments, will provide the Institute with means 
of meeting recurrent expenditure over the next 
twenty years. 


Report on Cocoa Control in West Africa, 1939-43, and statement on 
Future Policy. Cmd. 6554. (London: H.M. Stationery Office.) 


been 


been 


* Report and Proceedings of the Cocoa Conference. May-June, 1945: 
Colonial No. 192. 


(London: H.M. Stationery Office.) 
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EXHIBITION OF INDIAN ART 


T must at the outset be confessed that to those 

who know India the Exhibition of Art from India 
and Pakistan at the Royal Academy, London, is a 
little disappointing. Since architecture could not be 
exhibited, it could not really be comprehensive of 
Indian art ; but even so, and in spite of a few superb 
examples of the carvers’ and the armourers’ craft, 
some fine cast bronze and a few magnificent carpets, 
the bulk of the exhibition consists of sculpture 
and of painting in miniature. Textiles in general 
are poorly represented. Nor is all the exhibition 
very shappily displayed. In the first gallery, the 
material on which small objects are shown is 
badly chosen in regard to colour, and the labelling 
is sometimes questionable ; the Mohenjodaro copper 
bull (No. 5) is probably 
goat, and the so-called girdle (No. 29) is really too 
long (4$ ft.) for that purpose, and was probably a 


a species of sheep or 


neck ornament like some very similar that still 
survive in at least one marginal area. 
The sculpture is inevitably disappointing. Reft 


from its architectural background, most of it on a 
very small scale, it would have stood more concen- 
trated grouping than it has received, and it is little 
helped by a background which fails to show it up. 
How much difference an appropriate background 
can make can be judged by the marble arch from 
Bikanir (No. 279). Even in its own surroundings, and 
seen on the scale of Ellora, Madura, or Seven Pagodas, 
Indian sculpture is not easy to appreciate—probably 
impersonal in style, and the in- 
dividuality one looks for in European sculpture is 
suppressed here and subordinated to an abstraction. 
Indian sculpture bears perhaps to European much the 
same relationship as the ballet bears to the drama : 
it is generalized, and individuality is absent. It is 
possibly significant, therefore, that some of the most 
attractive sculptures are figures which have lost 
their heads, like the red sandstone Bodhisattva (No. 
207), which is perhaps the best piece in the exhibition, 
though the magnificent horse from Konarak (No. 
276) runs it very close. This horse, it is true, has a 
head; but it is a live, individual head and it is diffi- 
cult to suppose that the living prototype had not a 


because it is 


personal name given him. An eleventh-century 
basalt Brahman from Orissa (No. 302) is notable, 


and among the wood carvings a sixteenth century 
carving of Krishna (No. 293) in the same gallery. 

But the most substantial part of the exhibition 
is the very large series of Rajput and Mughal paintings. 
These have much in common with the miniatures in 
illuminated medieval manuscripts, and the fascina- 
tion of their execution and conception is often en- 
hanced by their naivety. On the whole, the Rajasthani 
and Kangra paintings please more than the Mughal. 
This is perhaps to be expected, since Muslim painters 
must often have worked with some misgiving at their 
infringement of religious injunction, while no such 
inhibition would trouble a Hindu. There was some- 
thing particularly suggestive of a Book of Hours 
about No. 662—Krishna sheltering Radha from the 
rain, and the Kangra paintings of the heroine, the cat, 
and the lovebird (No. 652), of Krishna and Radha by 
moonlight (No. 655), of the messenger’s arrival in a 
storm (No. 680), or of Krishna with the gopas (No. 
684), struck one in passing as particularly attractive. 
If one must select among the Mughal paintings, 
Mansur’s hornbill (No. 911) and the portraits of 
Murad on an elephant (No. 1100), of Muhammad 
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Riza Kashmiri (No. 1107), of Khan-i-Dauran (No. 
1118), of Shah Daulat holding a globe (1124), may be 
mentioned, while two drawings of a lady at her toilet 
and a boy holding fruit (No. 1139) are noticeable 
for the effect obtained with a greater economy of 
line than the general style of the period would lead 
one to expect. Very interesting were drawings of 
Europeans as seen by seventeenth century Indian 
painters, and the unexpected Mughal copies of 
Diirer’s “Virgin and Child” (No. 1217) and _ his 
“St. John the Evangelist’’ (No. 820), and a sixteenth 
century Indian drawing of St. Matthew. 

But all these very remarkable series of Indian 
paintings suffer from inadequate description. More 
explanatory labelling would not have disturbed the 
general effect, and apart from the crying need for it 
in regard to so many of the paintings, it should be 
explained, for example, that the thumb ring (No. 793) 
was used for drawing a bow ; unnecessary inaccuracies, 
such as describing an obvious pheasant as a “‘jungle- 
cock” (No. 896), could easily have been avoided. 
Moreover, some of the miniatures with the greatest 
intricacy of detail (for example, No. 534) are hung 
too far above the eye line, and it is tiresome to find 
the order of pictures in the catalogue failing from 
time to time to correspond with the order in which 
they are hung. 

No notice of this exhibition would be complete 
without mention of the admirable Mughal jade and 
crystal vessels in Gallery X—No. 1088 in particular— 
and of the Girdlers’ Company’s Indian carpet woven 
for them in 1634. A good many of the modern Indian 
paintings could have been omitted without loss. On 
the other hand, it was a pleasant surprise to meet 
the paintings by British artists in India, the Zoffanys, 
including Colonel Mordaunt’s Cock Match in part- 
icular, Tilly Kettle, George Chinnery, and the rest. 
It is a pity that in Clive’s set of ivory chessmen 
exhibited in the same room the respective sides were 
mixed when they were set out. 

It is to be feared that this account may read a 
little captiously. That is not ingratitude for such a 
magnificent feast of the beautiful as has been pro- 
vided, but rather a feeling that it has not been cared 
for quite as devotedly as it deserves. 


J. H. Hotron 


OBITUARIES 


Prof. E. C. C. Baly, C.B.E., F.R.S. 


THe death on January 3 of Prof. E. C. C. Baly, 
emeritus professor of inorganic chemistry in the 
University of Liverpool, deprives the scientific world 
of a vivid and stimulating personality. He was born 
in 1871, his father, E. E. Baly, being an official of 
the Bank of England in London. He obtained his 
scientific training at University College, London, but 
instead of taking the conventional B.Sc. course he 
proceeded direct to the Institute of Chemistry 
qualification. Attracted always to research, particu- 
larly in its more romantic aspects, Baly must have 
found the atmosphere under Ramsay at University 
College very congenial. Like his chief, Baly loved an 
element of daring in his investigations, and genera- 
tions of Liverpool students rejoiced to hear him tell 
the story of the discovery of the rare gases. This he 
did with obvious enjoyment and conscious artistry. 
It was at University College that he acquired his 
great skill as an experimenter. Indeed, his powers 
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as a glass-blower became legendary. Even after he 
had suffered the loss of an eye as a result of an 
explosion in the laboratory, his skill was unimpaired. 

Baly was one of the pioneers of spectroscopy. Lis 
work on the spectra of the rare gases was a mode! of 
its kind, and showed how the artistic side of his 
temperament was matched by a capacity for careful 
and precise work of an exhausting nature. He early 
showed an interest in absorption spectra in relation 
to chemical constitution, and a long series of papers 
with colleagues who later earned great distinction 
laid the foundations of a subject which has grown 
increasingly important. Baly was elected a fellow of 
the Royal Society in 1909. He held the post of 
assistant professor of chemistry and lecturer in 
spectroscopy during 1903-10 at University College. 
In 1910 he succeeded Campbell Brown as Grant 
professor of inorganic chemistry at Liverpool, and 
held the chair until his retirement in 1937. 

Baly’s ““‘Spectroscopy”’ first appeared in 1905 and 
earned a great reputation as a valuable monograph. 
The second edition (1912) was nearly 700 pages in 
length, and the third edition appeared in three 
volumes in 1927. A fourth volume on absorption 
spectra of organic compounds was projected, but by 
that time Baly had transferred his main interest to 
photosynthesis, a book on which appeared in 1940. 
The attempt to summarize the vast literature of 
spectroscopy was a tremendous task, necessitating 
for a chemist unusually wide reading of physical 
and astrophysical papers. Over many years Baly 
prepared reviews of the progress of inorganic chem 
istry for the Annual Reports of the Chemical Society. 
Although many will remember him primarily as an 
adventurous researcher, his great contributions as a 
scholar should not be forgotten. 

During the First World War, Baly became deputy 
inspector of high explosives for the Liverpool area, 
and at the end of the War he was awarded the C.B.E. 

The post-war ‘bulge’ found the research labora- 
tories at Liverpool crowded with keen ex-Servicemen, 
and Baly at the height of his powers. With char- 
acteristic courage he threw himself into the very 
difficult task of imitating in the laboratory the photo- 
synthetic processes occurring in the living plant. In 
this work he was for a time joined by Prof. (now Sir 
Ian) Heilbron. The results of these and later re- 
searches attracted attention all over the world. They 
gave a powerful impetus to the continuing attack 
on @ very complicated problem about which much 
still remains to be elucidated. 

Baly’s great personal charm, his enthusiasm and 
his persuasive advocacy, his skill as a musician and 
his feats as a mountaineer, his verve as a scientific 
worker and his labours on the councils of the Chemical 
Society, the Royal Institute of Chemistry and the 
British Association of Chemists will preserve his 
memory in many different circles. During his twenty- 
seven years at Liverpool he gave distinguished service 
to the University in many capacities. 

In 1902 Baly married Miss Ellen Agnes Jago, who, 
with four sons, survives him. R. A. Morton 


Sir Robert Greig 


By the death on November 29 of Sir Robert Blyth 
Greig, Great Britain has lost a very eminent admin- 
istrator who in particular did much to further agri- 
cultural education and research. A son of George 
Greig, of Baleurvie in Fife, he was born in March 
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1874, and his farm upbringing undoubtedly influenced 
his career. On leaving school he spent a short time in 
a bank; but farming was in his biood, and after 
attending classes at the University of Edinburgh, 
under Prof. Wallace, he went to Canada where, as a 
very young man, he became manager of a large ranch 
in Alberta. 

On returning to Britain in 1897, Greig was appointed 
lecturer, first at Cheshire Agricultural College, and 
later at the Durham College of Science, Newcastle- 
on-Tyne. In 1903 he married Maud, a daughter of 
the late Sir George Hunter of Newcastle. In the 
same year he went to the University of Aberdeen as 
Fordyce lecturer in agriculture, and during the 
next eight years took a leading part in building up 
the high reputation of the University Agricultural 
Department and the North of Scotland College of 
Agriculture. 

In 1911 Greig was appointed inspector of agri- 
culture under the Board of Education, but had 
scarcely taken up his duties when he was invited to 
become one of the three commissioners of the newly 
formed Board of Agriculture for Scotland, and in 
1921 was made its chairman. In 1928, when the 
Board became the Department of Agriculture for 
Scotland, Sir Robert became its permanent secretary, 
and he held this post until he retired in 1934. 

In the First World War he served with the Royal 
Scots in France, and was awarded the M.C. He was 
knighted in 1919. He held the honorary degrees of 
LL.D. (St. Andrews), and D.Sc. 

Sir Robert travelled widely, visiting Canada, the 
United States, Australia, and various European 
countries on agricultural missions, and he was one 
of the British delegates to the Ottawa Conference. 
In 1929 he was president of Section M (Agri- 
culture) of the British Association at its meetings in 
South Africa and, with Lady Greig and their daughter, 
visited Rhodesia and Kenya on the return journey. 
In the course of the tour he was in great demand to 
give talks to farmers and planters; I had the 
privilege of being with their party, and recall vividly 
the enthusiasm at these meetings. 

During his official career, Sir Robert served on 
many important committees and councils, including 
the Carnegie Trust for the Universities of Scotland, 
of which he became chairman, the University Grants 
Committee, and the Agricultural Research Council. 
He was at one time chairman of the River Forth 
Conservancy Board, and was very active in the 
establishment of the Imperial Agricultural Bureaux, 
of which he became the first chairman. In 1940 he 
became chairman of a Scottish committee to encourage 
food production in private gardens and allotments, 
and devoted much time and energy to this work 
during the War. 

Probably Sir Robert will be best remembered for 
his great services to agricultural education and 
research. During his period of office at the Depart- 
ment of Agriculture, no fewer than six research 
stations, now well known throughout the world, were 
set up in Scotland. These deal with animal nutrition, 
animal diseases, animal genetics, plant breeding, 
dairying, and soils, and their establishment was due, 
in great measure, to Sir Robert’s foresight and 
enthusiasm for research. With the Macaulay Institute 
for Soil Research he had particularly close con- 
nexions, for he was a great personal friend of the 
founder, the late Mr. T. B. Macaulay, of Montreal, 
and he never spared himself in furthering the various 
schemes of agricultural betterment in Lewis and 
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elsewhere in Scotland promoted by Mr. Macaulay. 
At the time of his death he was chairman of the 
council of management of the Macaulay Institute. 
His sincerity and profound knowledge of Scottish 
agriculture gained for him the respect and confidence 
of the farming community, and his friendship and 
encouragement meant a great deal to those of us 
who were closely associated with him. 

When he retired at the age of sixty, Sir Robert 
was far too vigorous and active to settle down and 
do nothing. He became a director of the London, 
Midland and Scottish Railway, and one or two other 
companies, and threw himself with his usual zest 
into the new interests without, however, neglecting 
the old. Perhaps he overtaxed his strength and his 
death was unexpectedly sudden, but probably he 
would have wished it so. 

It was something of a surprise to find Sir Robert 
was seventy-three when he died, for he remained so 
energetic and so youthful in spirit and appearance. 
His great personal charm and sense of humour made 
friends for him wherever he went, and those privi- 
leged to visit ‘Shaws’, his delightful home on the out- 
skirts of Edinburgh, will always cherish memories 
of a charming host and a happy family circle. He is 
survived by Lady Greig, three sons and a daughter. 

W. G. Oe 





Mr. H. W. Pugsley 


HERBERT WILLIAM PUGSLEY, the eminent amateur 
botanical systematist, died at Wimbledon on Novem- 
ber 18. He was born at Bristol on January 24, 1868, 
and educated at the Grammar School there. At the 
age of seventeen he went to London to be coached 
for the Civil Service Examinations, and entered the 
Department of the Accountant-General of the Navy 
in 1886, where he remained until his retirement in 
1928. After joining the Service he studied privately 
and obtained his B.A. degree of the University of 
London in 1889. 

He was accustomed to spend his leave studying the 
floras of Great Britain and of central Europe, par- 
ticularly of Switzerland, often in company with E. G. 
Baker and the late C. E. Salmon, who also accom- 
panied him to North Africa in search of daffodils. 
Ever painstaking and critical, he soon became one 
of the leading British botanists—to use the general 
term for those engaged on the study of the flora. Of 
a quiet demeanour, he worked in close and friendly 
co-operation with the majority of his contemporaries, 
but had little patience with those whose identifications 
he considered slipshod—and occasionally said so. 

Pugsley’s first important work was on the British 
capreolate fumitories in 1902: he continued his 
interest in the genus, and published a monograph of 
Fumaria and Rupicapnos in 1919. He was also well 
known for his researches on Huphrasia, and his 
revision of the British Luphrasiew appeared in 1930. 
He was interested in narcissi and grew them in his 
garden for about fifty years : he wrote on the Poeticus 
group in 1915 and monographed the sub-genus Ajax 
in 1933. Orchids had a continued fascination for 
him, and he wrote several papers on them, par- 
ticularly the marsh orchids. The British robertsonian 
saxifrages also attracted him, and he revised the 
section in 1936. For many years he was engaged on 
a monograph of the British Hieracia. This, which 
he regarded as his magnum opus, is to be published 
by the Linnean Society, and the last batch of proofs 
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was received during the week of his death. So far 
as I know, the only recognition of his work was the 
award of the William Herbert Medal of the American 
Amaryllis Society in 1940. 

His manuscripts were a delight to edit—page after 
page of foolscap clearly written, with no alterations 
or erasures. 

A little inclined in his later years to dilate on the 
investigation in hand, he was always willing to give 
what help he could, particularly to beginners: he 
was an excellent field naturalist. 

He was a keen collector of water-colours, particu- 
larly of the Bristol School, and was a well-known 
frequenter of the sale rooms. 

He had six sons, one of the surviving three being 
Prof. A. J. Pugsley, professor of civil engineering in 
the University of Bristol. J. RamMsBorrom 


Prof. B. Bavink 


THE death occurred recently of Prof. Bernhard 


Bavink, an eminent German teacher of natural 
philosophy. His great work, “Ergebnisse und 
Probleme der exakten Naturwissenschaften’’, is inter- 


nationally known. His last book, published in 1947, 
is entitled ‘“‘Was ist Wahrheit in den exakten Natur- 
wissenschaften ?”. He was one of the few men of 
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Geological Society : Awards 


THE council of the Geological Society has made 
the following awards: Wollaston Medal to Sir 
Edward Bailey, formerly director of the Geological 
Survey of Great Britain, in recognition of his re- 
searches on the mineral structure of the earth, 
especially the stratigraphy, structure and petrology 
of Seotland ; Murchison Medal to Dr. J. Phemister, 
of the Geological Survey of Great Britain, in recog- 
nition of his important researches on the igneous and 
metamorphic rocks of the northern Highlands and 
his valuable contributions to petrology, mineralogy 
and geophysics; Lyell Medal to Prof. A. H. Cox, 
professor of geology at University College, Cardiff, 
for his researches, particularly on the stratigraphy 
and petrology of the Lower Palzozoic rocks of Wales ; 
Prestwich Medal to the Abbé Henri Breuil, for his 
researches on the Quaternary, and especially for his 
investigations, begun in France, on the succession 
and correlation of Pleistocene deposits by their con- 
tained human artefacts; Wollaston Fund to Dr. 
J. G. C. Anderson, of the Geological Survey of Great 
Britain, in recognition of his researches on meta- 
morphic and economic geology and particularly of 
his work on the Moine and Dalradian rocks of Scot- 
land and Eire ; Murchison Fund to Dr. F. W. Cope, 
of the Geological Survey of Great Britain, for his 
researches on the stratigraphy and palzeontology of the 
Carboniferous rocks of Derbyshire and adjacent 
regions; Lyell Fund in two moieties to (1) Dr. 
Dorothy Rayner, lecturer in geology in the University 
of Leeds, for her outstanding work on the Mesozoic 
fishes, notably on the neurocranium, and relationships 
of the holosteans ; and (2) Mr. W. D. Ware, for his 
researches on Carboniferous stratigraphy and paleon- 
tology in South Wales. 
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science who never lost sight of the ‘whole’ while 
commanding very specialized knowledge of the 
sciences. His publications and lectures always 
attempted to bridge the gulf between modern, tech. 
nically informed science and the sphere of faith and 
ethics and all the higher spiritual values. Bavink 
was born on June 30, 1879, in East Friesland. 
His last years were sad. A son of seventeen 
called up towards the end of the War and was killed. 
An older son had been a prisoner of war in 
U.S.S.R. and died from typhoid fever when he was 
just expected to go home. In the same 
daughter, lacking the necessary care and food, died 
of tuberculosis. At the time of his death, Prof. 
Bavink was on the point of taking a chair at the 
Stuttgart Technical College. 


as 
he 


year a 


WE regret to announce the following deaths : 


Dr. C. W. Kimmins, chief inspector of the Educa 
tion Department, London County Council, during 
1904-23 and president in 1929 of Section L (Educa 
tion) of the British Association, on January 12, 
ninety-one. 

Dr. John Marshall, reader in mathematics in 
University of London (Bedford College), on January 
16, aged fifty-seven. 


aged 


d VIEWS 


Institution of Electrical Engineers: Awards 


Tue following have been elected to honorary 
membership of the Institution of Electrical Engineers 
Sir Thomas Purves, for his distinguished work ir 
electrical engineering, and his services to the Institu 
tion, of which he was president in 1929; and Admiral! 
Sir John Cunningham, First Sea Lord and Chief of 
the Naval Staff, in recognition of the outstanding 
part played by him in stimulating the application of 
selectrical techniques in the Royal Navy and the con 
tributions made by officers of the Royal Navy to the 
applications and development of electrical science 
and engineering. 

The Faraday Medal of the Institution of Electrical 
Engineers has been awarded to Prof. M. L. E. 
Oliphant, Poynting professor of physics in the 
University of Birmingham, for his distinguished 
work in nuclear physics and his original discoveries 
in the physical sciences, particularly in the realm 
of electromagnetic oscillations, their production, 
study and use. The Faraday Medal is awarded by 
the Council of the Institution, not more frequently 
than once a year, either for notable scientific or 
industrial achievement in electrical engineering, or 
for conspicuous service rendered to the advancement 
of: electrical science without restriction as regards 
nationality, country of residence, or membership of 
the Institution. 


Industrial Research in East Africa 

THE report of the East African Industrial Research 
Board for the year‘ended December 31, 1946 (Nairobi. 
ls. 6d.), includes the report of the acting chairman, 
Mr. H. B. Stant, and separate reports on the progress 
of the main research projects. The most important 
of these for agriculture in East Africa is the calcina- 
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tion of rock phosphate with soda ash; a further 
forty tons of the silicophosphate obtained have been 
prepared in the pilot rotary kiln for field experiments. 
The ceramics branch has developed a new technique 
for building bricks by bonding non-plastic quarry 
waste with the minimum of highly plastic clay and 
fring in a kiln to give a building block cheaper than 
dressed natural stone. Advice has been given to the 
commercial pottery branch of the Industrial Manage- 
ment Board, and the production of alternative low- 
cost building materials has received attention, part- 
icularly murram, a natural formation consisting of 
coarse materials, rotten rock or concretionary iron 
ironstone bonded with clay. Promising results have 
been obtained in the extraction of pyrethrins from 
fresh flowers by a three-stage counter-current process, 
and a hemoglobin digestion method has been de- 
veloped for the assay of papain. Further work has 
been carried out in connexion with the manufacture 
of totaquina, including improved methods of analysis 
and study of the conditions for the maximum re- 
covery of quinine and cinchonidine. A method of 
testing samples of diatomites as filter aids was 
standardized, and the amelioration of the pollution of 
streams by effluents from coffee and sisal factories 
was studied intensively; small-scale plant trials 
indicate that at least 90 per cent purification of the 
coffee effluents can be effected by biological filtration. 
Work was completed on the tannin content of different 
varieties of mangrove bark. 


World Supplies of Oils and Fats 


Tue address “Rebuilding Europe’s Fat Supplies 
the Problem and How to Meet It’’, delivered by the 
chairman of Lever Brothers and Unilever, Ltd., at 
the annual general meeting of that company on 
September 8, has been reprinted, with a graph and 
a series of statistical appendixes (Pp. 24. Lever 
Bros. and Unilever, Ltd., London). The survey of 
pre-war, war-time and post-war supplies leads Mr. 
G. Heyworth to the conclusion that there is at present 
an annual world shortage of some four million tons 
of oils and fats, and although supplies can be in- 
creased, the process will be slow. The tendency for 
producing countries to consume a greater part of 
their own products, as well as the tendency to- 
wards a heavier consumption of milk, particularly 
in the United States and Great Britain, and 
the serious decline in the production of oils and fats 
in Western Europe, are new contributing factors ; 
and it is estimated that the world production for 
1947 will have been about two and a half million 
tons below the pre-war figure. Allowing for the in- 
crease in world population, the gap between supply 
and demand is too big to permit abandonment of 
Government controls in either Great Britain or 
Holland at present ; but the control system in Western 
Europe can be operated so as to improve the terms 
of trade by more effective combination in the pur- 
chase of raw materials and by the removal of sub- 
sidies on the finished products. 

Mr. Heyworth is emphatically of the opinion that 
the earliest abolition of the subsidies on food in 
Britain is essential. Home production in the countries 
of Western Europe can be increased and production 
in overseas territories, which were exporters before 
the War, must be restored to the full, and high 
priority given to the re-establishment of conditions 
which make this possible. Additional production 
must be found by bringing into cultivation unused 
tracts of land, as typified by the East African Ground- 
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nut Scheme, and additional amounts of detergents 
should be manufactured from materials derived from 
mineral oil. He even suggested the temporary sus- 
pension of the present international limitation on 
the catching of whales. Finally, he urged better 
utilization of existing production facilities generally, 
and the forgoing of expenditure on activities which 
do not immediately contribute to the alleviation of 
essential shortages. 


Control of Atomic Energy 


THE Society of Calvinist Lawyers and the Christian 
Society of Scientists and Physicians in the Nether- 
lands held a meeting at Amersfoort, Netherlands, 
during November 15-17, 1947, to discuss the problem 
of atomic energy. Addresses were delivered by Dr. 
D. J. Lock on “The Military Aspect”, Dr. C. C. 
Jonker on “The Economic Aspect”, Dr. Gezina 
H. J. van der Molen on “The International Aspect”’, 
and Dr. R. Schippers on “The Ethical Aspect”’. 
The meeting was presided over by the presidents of 
the two societies, Prof. P. 8S. Gerbrandy and Prof. 
G. J. Sizoo. A number of resolutions were adopted, 
some dealing with spiritual aspects of the problem, 
and others with the material sjde. Among the latter, 
it was noted that the atomic weapon itself does not 
bring about an essential change in warfare, although 
the extent of its destructive power is so great that 
it is not possible to restrict the force of arms to purely 
military objects. On account of this exceptional 
character, international control and inspection of the 
atomic weapon is imperative. Prohibition of the 
atomic weapon without international control must 
be rejected as absolutely inefficient in view of former 
experience with similar prohibitions. Since the 
application of atomic energy for peaceful purposes 
leads inevitably to the possibility of preparing for 
military applications, the production and use of 
atomic energy for peaceful purposes come within the 
sphere of international law, and should be put under 
the supervision and inspection of an international 
organisation. It was resolved that national sover- 
eignty is not a legal ground for rejecting international 
control of atomic energy. All nations, it was con- 
cluded, should, in view of the far-reaching effects of 
atomic energy problems, make the utmost effort to 
find peaceful solutions of international differences. 


Horace Wells and Anasthesia 


A CENTURY ago, on January 24, 1848, one of the 
principal actors in the drama of anzxsthesia died in 
prison by his own hand at the age of thirty-three. 
Born at Hartford, Vermont, on January 21, 1815, 
Horace Wells studied dentistry at Boston, and 
practised at Hartford, Connecticut. The idea of 
inhalation anzesthesia occurred to him on December 
10, 1844, during an exhibition of ‘laughing gas’ by a 
New York showman, Gardner Quincy Colton, when a 
young man, Sam Cooley by name, under the influence 
of the gas severely bruised his leg without apparently 
feeling any pain. The following day Wells had a 
troublesome wisdom tooth painlessly removed under 
nitrous oxide. In January 1845 he went to Boston 
to demonstrate his discovery at the Harvard Medical 
School. The experiment went wrong, and the young 
dentist left the theatre with the words ‘charlatan’ 
and ‘humbug’ ringing in his ears. His physical and 
mental health now began to decline. The last chapter 
of his life is steeped in obscurity. On January 24, 
1848, in Tombs Prison, New York, he committed 
suicide under chloroform anzsthesia—slashing his 
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femoral artery with a razor. In 1864 the American 
Dental Association, and in 1870 the American Medical 
Association, declared Wells to be the real discoverer 
of anesthesia. 


Animal and Human Sex Behaviour 


ANTMAL and human sex behaviour are the subjects 
of five papers published in the Annals of the New York 
Academy of Sciences (47, Art. 5, 603-664 ; May 1947). 
These papers were given at a conference on physio- 
logical and psychological factors in sex behaviour 


held by the Sections of Biology and Psychology of 


the Academy in March 1946. Prof. S. B. Wortis, in 
his introduction, says that the conference revealed 
new material and indicated correlations which 
emphasize the need to change our attitudes to human 
sexual behaviour, and he hopes that this material 
may help to modify the law relating to these matters. 
He was speaking to Americans, but progressive 
opinion in Britain has more than once expressed a 
similar point of view. American and British cultures 
are not so different that they cannot, in matters like 
this, be regarded as one. Many of the opinions 
expressed at this conference will therefore interest 
British readers of them. There are two papers on 
animal sex behaviour by W. C. Young, who discusses 
animal endocrines, and W. E. Galt, whose subject 
is primate sex behaviour. A. C. Kinsey spoke briefly 
upon sex behaviour in the human animal, Morris 
Herman gave a paper on aberrant sex behaviour, 
and Gregory Bateson gave one on sex and culture. 


Historical and Philosophical Society of Jerusalem 


Ir has often been said that the academic discipline 
provides a foundation on which international collab- 
oration can be built. The Jerusalem Historical and 
Philosophical Society, formed in March 1946, with 
the object of promoting the study of history, 
philosophy and literature among the Arab, British 
and Jewish communities of Palestine, is good evidence 
of such collaboration. The Society meets once a 
month, when papers are read by members or guest 
lecturers, and the three subjects, history, philosophy 
and literature. are taken in rotation, four papers a 
year being devoted to each subject. Membership is 
limited and is by invitation only, the sole qualification 
being an academic interest in one of the three sub- 
jects. At present, several of the Arab members belong 
to the Government Arab College, British members 
are drawn from the staff of the British Council in 
Palestine, and Jewish members from the staff of the 
Hebrew University ; the Department of Education 
is also represented. So far it has not been possible 
to print papers in full; but Dr. W. Yourgrau has 
produced short summaries of seven papers presented 
during the Society’s first year. The president is Sir 
William FitzGerald, chief justice of Palestine, and 
the honorary secretary and treasurer is Miss E. 
Cunnington, Jerusalem, P.O. Box 2. 


Calcutta Statistical Association Bulletin 


Tue publication of Sankhyd, one of the leading 
statistical journals, and the work of Prof. P. C. 
Mahalanobis, Dr. P. V. Sukhatme and others for 
national and _ international statistics, establish 
India’s claim to be considered in the front rank of 
nations contributing to the theory and application 
of statistical science. The Calcutta Statistical 
Association, a new society, has produced a Bulletin, 
the modest aim of which is to publish popular ex- 








January 24, 1948 Vol. 16) 


positions of statistics ; if the journal has the support 
of the Calcutta school, a high standard should hoe 
assured. The first number (No. l. August 194 


Pp. 1-48. Calcutta, 3s.) contains an interesting brief 
history of crop-sampling in India from the time of 


Akbar to the present day, a criticism of the recent 
report of the Indian Central Pay Commission, sim))je 
accounts of statistical aspects of public opinion 
surveying and mental testing, and several shorter 
notes. The problem of making modern statistic! 
techniques intelligible to readers who lack forma! 
training in the subject has been courageously, thouch 
not always successfully, tackled. A more critical 
approach and increased care in the choice of words 
should make this Bulletin of considerable interes: 
and value outside, as well as inside, India. 


Modern Apparatus for Visual Aids 


A RECENT publication offers a priced catalogue of 1 
presentative items in the range of equipment for visual! 
aids in education (Visual Aids: Notes on some Modern 
Apparatus. By Wilfred J. Garnett. Pp. 36. Man 
chester: Flatters and Garnett, Ltd., 1947). Each 
instrument is concisely described, and the pros and 
cons of each corresponding method of visual presenta 
tion are outlined with admirable fairness and object. 
ivity. The most spectacular of the items listed are 
probably the microprojector and the patent demon. 
stration mirror; the former as an example of func- 
tional efficiency, the latter in view of its comparatively 
recent development as a visual aid. As a guide to the 
purchaser of equipment who seeks the best possible 
results in the way of visual reproduction the author is 
thoroughly dependable. (The section on “Types of 
Screen”’ is particularly helpful, and the actual speci- 
men of ‘beaded’ screen material does all that is 
claimed for it.) Technical perfection, however, is 
not always the last criterion. The technical limita- 
tions of film strip sometimes make slides preferable. 
Yet the growing popularity of film strip among 
teachers cannot be questioned. The advantages of 
lightness, compactness and, above all, cheapness are 
overwhelming. Film strip has come to stay; can 
science now produce the non-scratch film ? — 


Danish Institution of Civil Engineers 


IN response to an invitation received from the 
Danish Institution of Civil Engineers (Dansk Ingenier 
forening) Sir Stanley Angwin is representing the 
presidents of the Institution of Civil Engineers, the 
Institution of Mechanical Engineers and the Institu- 
tion of Electrical Engineers in Copenhagen on 
January 21 and 22 in the celebrations organised by 
the Danish Institution to mark the opening of their 
rebuilt headquarters building “‘Engineering House”’. 
The new headquarters replace the Institution's 
building totally destroyed by the R.A.F. in the spring 
of 1945, together with the next-door building which 
the Germans were using as Gestapo headquarters. 


International Union of Crystallography 

At the invitation of the American Society for 
X-ray and Electron Diffraction and of the Crystal- 
lographic Society of America, the first General 
Assembly and International Congress of the Union 
will be held at Harvard University, Cambridge, 
Mass., U.S.A., during July 28—-August 3, 1948. 


Delegates to the General Assembly will be nominated 
by the national academies of countries adhering to 
the Union; 


but all crystallographers are cordially 















N 


invit 
outs! 
requ 
Eval 
Lab« 
date 
with 
shou 
sider 
logre 
notif 
and 

Soci 
Uni 
ing 

there 


Bris! 

T 
year 
Univ 
sym) 
scier 
disti 
year 
inclt 
svym| 
be | 
Univ 
It w 
of m 
hall 
obta 
Labs 


Sper 

A 
Colle 
Lon 
at tl 
will 
and 
grou 
heac 
fecti 
duci 
pape 
Mar 
fere! 
The: 
from 
The: 


Con 
A 


sibil 
Brit 
Cow 
Red 
10— 
Ivor 
Sess) 
Rac 

Spe: 
Smi 
Mr. 

Dr. 

obt: 
Cou 
Lon 








au “tf 


the 
or 
the 
the 
tu- 
on 
by 
er 


e 


ing 
ich 


tor 
al- 
ral 
on 


tS. 
ed 
to 
lly 








te 


a 








January 24, 1948 


invited to attend the International Congress. Those 
outside the United States expecting to be present are 
requested to inform the General Secretary (Dr. R. C. 
Evans, Crystallographic Laboratory, Cavendish 
Laboratory, Cambridge, England) at a very early 
date in order that detailed planning may proceed 
without delay; those willing to contribute papers 
should at the same time forward details for con- 
sideration by the Programme Committee. Crystal- 
lographers in the United States will receive separate 
notification from the American Society for X-ray 
and Electron Diffraction or the Crystallographic 
Society of America. It will not be possible for the 
Union to provide funds to assist delegates in attend- 
ing the Congress, and crystallographers should 
therefore make their own arrangements in this matter. 
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Bristol Symposium on Cosmic Rays 


THE Colston Research Society, which for many 
years has made grants in aid of research in the 
University of Bristol, proposes to support a series of 
symposia, to be held annually, on selected topics of 
scientific importance. Papers will be invited from 
distinguished guests and it is proposed that each 
year a volume giving an account of the proceedings, 
including discussions, will be published. The first 
symposium will be on “Cosmic Radiation’, and will 
be held in the H. H. Wills Physical Laboratory, 
University of Bristol, during September 20-24, 1948. 
It will be possible to accommodate a limited number 
of members of the symposium in Wills Hail, University 
hall of residence. Further information can _ be 
obtained from Dr. C. F. Powell, H. H. Wills Physical 
Laboratory, Royal Fort, University of Bristol. 


Speech Therapy Conference 

A Speecu THERAPY CONFERENCE, arranged by the 
College of Speech Therapists, 68 Queen’s Gardens, 
London, W.2, will be held during September 20-24 
at the house of the Royal Society of Medicine. There 
will be sessions on the following subjects: the aim 
and scope of speech therapy, the emotional back- 
ground of stammering, speech disorders arising from 
head injuries, the speech clinic and the speech-de- 
fective child, and the role of emotional problems in pro- 
ducing disorders of speech. Summaries of proposed 
papers must reach the Secretary not later than 
March 1. It is hoped to inaugurate during the Con- 
ference an International Federation of Speech 
Therapists. Further information can be obtained 
from the Conference Secretary, College of Speech 
Therapists, 68 Queen’s Gardens, London, W.2. 


Conference on the Family 

A CONFERENCE on “The Family : Whose Respon- 
sibility ?” is to be held under the auspices of the 
British Social Hygiene Council and the Town and 
Country Planning Association in the Conway Hall, 
ted Lion Square, London, W.C.1, during February 


10-11. The chairman of the conference will be Mr. 
Ivor Thomas, M.P., and chairmen of the various 
sessions includs Dr. Letitia Fairfield, Mr. Walter 
Raeburn and Sir Anderson Montague-Barlow. 


Speakers will include Mr. Maurice Reckitt, Dr. Mary 
Smith, Dr. William Moodie, Miss W. M. Crossman, 
Mr. B. G. H. Brooke-Taylor, Sir Wilfrid Garrett and 
Dr. Macalister Brew. Further information can be 
obtained from the Secretary, British Social Hygiene 
Council, Tavistock House North, Tavistock Square, 
London, W.C.2. 
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Summer School in Micro-Chemical Techniques 

In view of the interest shown in the Summer 
School in Micro-Chemical Techniques held at the 
Queen’s University, Belfast, in 1947, the course will 
be repeated this year in a somewhat amplified 
form during June 21—July 3. Lectures will be given 
together with demonstrations and practical work on 
standard inorganic microchemical techniques. In 
addition, limited provision is being made for instruc- 
tion in selected topics such as physico-chemical 
measurements on small quantities of material, use of 
the microscope and micro-electrolytic methods. 


Awards for Scientific Journalism 

THE American Association for the Advancement of 
Science — George Westinghouse Science Writing 
Awards for 1947 have been presented to George A. 
Keaney, feature writer on the New York World- 
Telegram, for his series of five stories on blood, and 
more especially on the Rh factor of blood, which 
appeared in the New York World-Telegram, March 
18-22, 1947; and to Steven M. Spencer, associate 
editor of the Saturday Evening Post, for his article, 
‘‘New Hope for the Anemic”’ (dealing with folic acid), 
which appeared in the December 14, 1946, issue of that 
journal. An honourable mention for the Magazine 
Writing Award was given Lorus J. and Margery J. 
Milne, free-lance writers, for their article, ““The Life 
of the Water Film”’, published in the June 1947 issue 
of Natural History. The two awards, of 1,000 dollars 
each, are available from funds provided by the 
Westinghouse Educational Foundation of the West- 
inghouse Electric Corporation and under the admin- 
istration of the American Association, and are made 
in an effort to stimulate and maintain a high 
standard of science reporting for the lay public 
through newspapers and general magazines. 


Announcements 

UNDER the provisions of Rule IT of the Athenzum, 
which empowers the annual election by the Com- 
mittee of a certain number of persons of dis- 
tinguished eminence in science, literature or the 
arts, or for their public services, the following have 
been elected members of the Club: Lord Jowitt, 
Lord Chancellor; Sir Alexander Fleming, professor 
of bacteriology, University of London; Sir Oliver 
Franks, provost of Queen’s College, Oxford. 


Dr. R. L. Smrru-Rose, superintendent of the Radio 
Division of the National Physical Laboratory, has 
been appointed to the new post of director of radio 
research in the Department of Scientific and Indus- 
trial Research. He will be in charge of the radio 
research work of the Department, for which a new 
station will eventually be established. The new 
station will incorporate the work now being carried 
out in the Radio Division of the National Physical 
Laboratory, and the Radio Research Station of the 
Department of Scientific and Industrial Research at 
Slough, and also work at present being done for the 
Department at the Telecommunications Research 
Establishment at Malvern. 


Pror. FREDERICK 2. MILLER, professor of phy- 
siology in the Faculty of Medicine, University of 
Western Ontario, has been appointed research pro- 
fessor of neurophysiology in the University. 


Dr. R. E. G. ArMatrTor, director of the Lomeshie 
Research Centre, Londonderry, has been given a 
Viking Fund award of about 3,000 dollars to enable 
him to undertake a field trip to West Africa this year. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Pre-erythrocytic Stage in Mammalian 
Malaria Parasites 


Txis laboratory, in common with many others 
throughout the world, has for years been working 
on the life-cycle of malaria parasites in the vertebrate 
host. The most important details have already been 
elucidated so far as avian malaria is concerned, but 
the development of the sporozoites in the prepatent 
stage in mammalian malaria has remained obscure in 
spite of the most painstaking and meticulous work 
in many centres of malaria research. 

The latest results obtained by us in this laboratory 
in the case of monkey malaria, Plasmodium cynomolgi, 
have been striking and, we think, unequivocal. The 
briefest details of these experiments are as 
follows. 

Anopheles maculipennis, in large numbers, were 
infected by feeding on a rhesus monkey carrying 
gametocytes of Plasmodium cynomolgi. These 
mosquitoes, when at the infective stage, with large 
numbers of sporozoites in the salivary glands, were 
fed upon a clean rhesus monkey. The total number 
of anopheles was then ground up in a mortar in 
heparinized monkey plasma, diluted with normal 
saline solution, and half the resulting suspension 
inoculated intra-peritoneally and the other half intra- 
muscularly into the same clean rhesus monkey. 

The latter was sacrificed seven days later and 
various internal organs were taken for examination 
by smears and in sections. Material was also 
inoculated into clean monkeys. 

This material is now being examined; but the first 
results obtained are considered worthy of recording 
here. 

In sections of the liver there appeared numerous 
parasites in the form of plasmodial masses under- 
going schizogony. These measure about 25 u—30 u in 
the largest diameter. The masses are clear cut and 
are scattered through the liver tissue. In sections 
stained by Giemsa stain, the cytoplasm is a deep 
blue colour and the discrete particles of chromatin 
are a magenta colour, both being typical of the usual 
reaction of protozoal blood parasites with this 
stain. 

Similar results have been obtained in the case of 
another monkey sacrificed on the sixth day of 
the incubation period. Further investigation is 
proceeding. 

The importance of these results seems to us to lie 
in the fact that P. cynomolgi is a parasite very closely 
akin to P. vivax of human malaria, and it is reason- 
able to suppose that the human parasite will show 
similar developmental changes in the incubation 
period of an infection. 

These results appear to confirm the almost universal 
belief in the existence of a pre-erythrocytic stage in 
the mammalian malaria parasites. 


H. E. SHorrr 
P. C. C. GARNHAM 


London School of Hygiene 
and Tropical Medicine, 
Keppel Street, 
London, W.C.1. 
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Action of Nitrogen Trichloride on Proteins : 
Production of Toxic Derivative 


FOLLOWING Mellanby’s discovery that ‘Ageniy.<’ 
wheaten flour, when fed to dogs, produces hyste. ia, 
it was shown in a first paper* from these laborat«; os 
that the syndrome is not due to a nutritional 
ficiency but to the effect of a toxic substance ‘ 
duced by the action of nitrogen trichloride (the 1. :in 
constituent of commercial ‘Agene’) upon the wh. at 
protein. Furthermore, nitrogen trichloride can re.ict 
with other proteins such as casein and zein to 
produce a similar substance. The simplest on. 
ception, somewhat similar to that advanced by Dixon 
and Needham for the action of mustard gas upon 
tissues, is that a reactive protein contains a num)her 
of centres, C, probably of several types, all of which 
react with nitrogen trichloride ; but of these centres 
only one type, Z, which may occur at several places 
in the molecule, is essential for the production of the 
toxic substance. As this can be produced by the com. 
plexes of nitrogen trichloride with wheat protein, 
casein, zein, egg albumin, hemoglobin, rice protein 
and probably many other proteins, it is obvious that 
the E centre is common to most proteins. On the 
other hand, we have prepared two proteins (arachin 
and kerateine*:*) which absorb nitrogen trichloride 
to form complexes having no significant toxic effect, 
while gelatin is in much the same category. 

The actual chemical interaction between nitrogen 
trichloride and E at the point of attack can involve 
only small molecular groupings. Nevertheless, it is 
almost certain that E must be part of a larger unit 
of form —A—E—B— contained within the protein 
molecule. The simplest form of unit is an individual 
amino-acid residue, but our failure to produce canine 
hysteria after treatment with nitrogen trichloride of 
the mixture of amino-acids obtained on acid hydro- 
lysis of casein suggests that the unit is larger than 
a single amino-acid. One such unit, strepogenin, 
has been recognized as common to several pfoteins*, 
but this particular unit cannot be involved in the 
toxic substance since it is absent in egg albumin. 

If the active E centre is a portion of a particular 
amino-acid, it is necessary first to identify the acid 
and then to ascertain the nature of any environmental 
specific groupings necessary for the production of the 
full toxic effect. Our work has been confined chiefly 
to investigation of the chemical nature of the reactive 
E grouping. 

The facile production of hysteria by the zein com- 
plex appears to eliminate lysine, tryptophane and 
glycine both as E£ centres and as necessary con- 
comitant groups. Similarly, the harmless nature of 
the kerateine complex with its abundance of cysteine 
(11-12 per cent) and the marked toxicity of the 
casein complex with its relatively low cysteine content 
suggests that this amino-acid can also be ruled out, 
despite the suggestion of other workers’. 

Recent evidence indicates that the feeble toxicity 
of a mixture of gelatin and maize starch after treat- 
ment with nitrogen trichloride is due partly to the 
small amount of protein, about 0-4 per cent, in this 
starch. Gelatin is therefore a useful standard, and a 
comparison of its composition with that of the highly 
reactive casein and zein suggests that one or more of 
the following amino-acids are associated with the 
E centre: methionine, glutamic acid, tyrosine, 
phenyl-alanine, threonine, leucine and iso-leucine. 

We have given some attention to the conditions 
under which nitrogen trichloride reacts with proteins 
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and amino-acids and have found that with proteins 
the extent of the absorption of nitrogen trichloride 
from the vapour phase can sometimes be greatly 
increased by reprecipitation of the protein from a 
suitable solvent, and in the case of some crystalline 
amino-acids, by dispersing them in a filler such as 
starch at a suitable moisture content. Methionine 
mixed with starch at 14 per cent moisture, similar 
to that of normal flour, is, however, unique in its 
capacity to react with nitrogen trichloride, of which 
it takes up about one third of iis own weight. Further- 
more, the starch-methionine mixture when treated 
in this manner to half saturation and fed to dogs 
produces marked paralysis in their legs ; the symp- 
toms, however, pass off in a matter of hours. No 
such effect is observed at full saturation, while we 
have been unable to produce the symptoms of 
hysteria at any dosage. Cysteine reacts with nitrogen 
trichloride if mixed with starch of 25 per cent 
moisture content, but we have failed to produce any 
untoward symptoms in the dog by feeding this 
product. 

If methionine contains the active E centre, one 
would expect that for the production of the toxic 
substance it would be necessary for it to be present 
in amount above a critical threshold-level. A com- 
parison of the methionine contents of the proteins 
so far examined shows that arachin, gelatin and 
kerateine all contain only about 0-5 per cent, whereas 
casein, zein, gliadin, rice protein and egg albumin 
contain at least 2 per cent*. Our feeding tests have 
shown that whereas the latter group of proteins is 
particularly potent in producing hysteria, the former 
is of low or zero potency. Our source of arachin was 
defatted peanut meal, which contains not only large 
amounts of arachin but also a small amount of a very 
water-soluble protein of appreciable methionine con- 
tent’. This latter, when separated from peanut meal 
previously heavily treated with nitrogen trichloride, 
is highly toxic, whereas the arachin fraction from the 
same meal is practically non-toxic. Hemoglobin 
with its non-protein constituents is a special case ; but 
it has intermediate potency and methionine content. 

If this hypothesis associating methionine with the 
E centre is correct, the destruction of methionine in 
an active protein should destroy its capacity to form 
a toxic complex. It is therefore of interest to note 
that when zein and casein are oxidized with hydrogen 
peroxide in appropriate solvents to destroy methion- 
ine’®."", their capacity to form a toxic complex with 
nitrogen trichloride, which they still absorb gener 
ously, is eliminated. It is, of course, known that this 
chemical treatment inactivates other portions of the 
molecule, notably tryptophane and in part cysteine ; 
but, nevertheless, the evidence as a whole suggests 
strongly that the methionine unit contains the Z 
centre, probably at the reactive —S.CH, grouping. 

Glutamic acid might also be considered as an EZ 
centre!*, but as the non-toxin-producing arachin and 
kerateine contain 15-17 per cent, or about the same 
as egg albumin, this seems unlikely. Nevertheless, 
casein, zein and particularly gliadin are rich in this 
amino-acid, while gelatin, which produces little of 
the toxic factor, only contains about 5 per cent. It 
may be, therefore, that glutamic acid is involved 
not as an £ centre but as an essential environmental 
or concomitant grouping. We have as yet no evidence 
suggesting that any other amino-acid is involved as 
an / centre. 

Nitrogen trichloride appears to be unique among 
the common flour improvers in producing this toxic 
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derivative from a protein. Thus flour treated with 
other chemical improvers—chlorine, chlorine dioxide, 
potassium bromate and ammonium persulphate—at 
twelve times the normal commercial dosage, produced 
no abnormal symptoms in dogs when fed for a period 
of twelve weeks. By contrast, nitrogen trichloride 
at the same dosage will produce hysteria in one to 
two days. 

Full details of the above and related work will be 
published elsewhere. 


H. R. BENTLEY J. G. HEATHCOTE 
R. G. Booru J. B. HutcHrnson 
E. N. GREER T. Moran 


Research Association of British Flour-Millers, 
Cereals Research Station, St. Albans. 

* Mellanby, E., Brit. Med. J., 885 (1946); 288 (1947). 

* Moran, T., Lancet, 289 (1947). 

* Dixon, M., and Needham, D. M., Nature, 158, 432 (1946). 

* Goddard, F. R., and Michaelis, L., J. Biol. Chem., 106, 605 (1934). 

* Peters, R. A., and Wakelin, R. W., Biochem. J., 41, 551 (1947). 

* Sprince, H., and Woolley, D. 8.,J. Amer. Chem. Soc., 67, 1734 (1945). 

’ Silver, M. L., et al., J. Amer. Med. Assoc., 135, 757 (1947). 

* Block, R. J., and Bolling, D., ““‘The Amino Acid Composition of 
Proteins and Foods’’ (Chas. C. Thomas, 1945). 

* Irving, G. W., Fontaine, T. D., and Warner, R. C., Arch. Biochem., 
7, 475 (1945). 

1° Toennies, G., J. Biol. Chem., 145, 667 (1942). 

™ Dent, C. E., and Rimington, C., Biochem. J., 41, 254 (1947). 

'? Editorial, Brit. Med. J., 67 (July 12, 1947). 


Enzymic Conversicn of Amylose into 
Amyiopectin 

Potato juice was shown by Hanes! to contain a 
phosphorylase (P-enzyme) by the agency of which 
the long, largeiy unbranched chains of the amylose 
component of starch were built up from glucose-1- 
phosphate. The main component of potato starch is, 
however, the branched-chain component (amylo- 
pectin), and this is not synthesized by P-enzyme act- 
ing alone on glucose-l-phosphate. An investigation 
instituted by Haworth, Peat and Bourne* of the 
enzyme system of the potato resulted in the isolation 
of a second enzyme (Q-enzyme) which, in conjunction 
with P-enzyme, effected the synthesis of amylopectin 
from glucose-1-phosphate*:*. The cross-linking 
enzyme (Q-enzyme) possesses a dual function. In 
addition to its synthetic activity, it also functions 
as an amylase in effecting the hydrolytic, as opposed 
to the phosphorolytic, degradation of amylose‘. The 
synthesis and degradation of starch by the agency 
of P- and Q-enzymes is schematically represented in 
the paper by Bourne and Peat*. 

The hypothesis thus pictorially presented implied 
that the completed action of Q-enzyme on amylose, 
in the absence of P-enzyme and amylases, should 
result in the conversion of the long unbranched- 
chain structure of amylose into the ramified short- 
chain structure of amylopectin without the con- 
comitant liberation of reducing sugars. The experi- 
mental confirmation of this hypothesis has had to 
wait upon the isolation of a purer Q-enzyme than 
was at first available, and has been delayed because 
of the labile nature of crude Q-enzyme and the diffi- 
culties encountered in freeing it completely from the 
normal amylases with which it is associated in potato 
juice. These difficulties have now been overcome, 
and by using a modified technique for its isolation, 
involving the precipitation of the enzyme as a lead 
complex, it has been possible to isolate a Q-enzyme 
entirely free from amylase of either the «- or B-type. 
The action of this amylase-free preparation of Q- 
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enzyme on a natural amylose, separated from potato 
starch by the thymol method‘, has been quantita- 
tively examined and the product isolated. This 
polysaccharide product is indubitably an amylo- 
pectin, and it is formed in such yield from amylose 
as completely to establish the truth of the hypothesis 
previously advanced. 

Preliminary quantitative experiments with the 
purified Q-enzyme revealed : (i) that thymol-amylose 
is rapidly degraded by its agency without the 
simultaneous liberation of reducing sugars, the 
diminution in the iodine-staining power (blue value) 
of the amylose being taken as a measure of the 
extent of the degradation, and (ii) that Q-enzyme 
is more heat-labile than is P-enzyme and is, in fact, 
largely inactivated at 35°C., the temperature of 
incubation usually employed. In a larger-scale ex- 
periment, thymol-amylose of blue value 1-04 was 
incubated with lead-precipitated Q-enzyme at 20° C. 
The blue value of the iodine complex diminished 
progressively, reaching a constant value which was 
approximately 10 per cent of the original in 24 hours. 
During the reaction, the maximum development of 
reducing power was equivalent to less than 5 per 
cent apparent conversion to maltose. 

When first isolated, the product contained a high 
proportion of inorganic material, but it was calculated 
that the polysaccharide formed had blue value 0-11 
and represented at least 90 per cent by weight of 
the original amylose. The crude product was purified 
by dialysis in ‘Cellophane’ against distilled water. 
There was some loss of polysaccharide during the 
dialysis, the passage through the membrane of a 
substance which stained red with iodine being 
observed. The bulk of the polysaccharide product, 
however, did not dialyse and was obtained as a 
white ash-free powder in a yield equivalent to 74 per 
eent of the weight of the amylose from which it was 
derived. It was protein-free, and by acid hydrolysis 
was converted to glucose to the extent of 97 per cent. 

In the accompanying table a comparison is made 
of the properties of the initial thymol-amylose, the 
amylopectin formed from it by the agency of Q- 
enzyme, and natural amylopectin separated from 
potato starch by the thymol method and therefore 
still retaining a certain proportion of the amylose 
component. 


CONVERSION OF AMYLOSE INTO AMYLOPECTIN 


Potato 
amylopectin 
(thymol 
separation) 


Potato 

amylose | 

(thymol | 
separation) 


Synthetic 
amylopectin 
from 

amylose* 


Property 


Solubility in 
hot water 
Stability of 
solution 
Iodine complex 
Colour 
Blue value 
Wave-length 
of peak 
absorption ¢ 
Limit of hydro- 
lysis by 
B-amylase 
( conversion 
to maltose) 9 55 58 


Sparingly Easily soluble | Easily soluble 


soluble 


Retrogrades Stabk Stable 
Blue 
1 ()4 


Red 


Red-purple 
0-136 0-198 


6400 A ¢. 5200 A ¢. 5550 A. 


The properties of the synthetic product given in 
the table conclusively demonstrate its branched-chain 
structure. In particular, the fact that the action of 
B-amylase ceases when little more than half the 
polysaccharide has been converted to maltose defin’ 
itely classifies it as an amylopectin with about the 
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same degree of branching as is found in thymol. 
amylopectin. The amylose from which the synt)) -tic 
amylopectin is derived is, on the other hand, aln.ost 
completely comverted (90 per cent) to maltose by 
6-amylase. 

In this conversion of amylose into amylopec: in, 
Q-enzyme displays its dual function, inasmuch as + he 
long amylose chains are broken by hydrolytic scission 
into shorter chains (pseudo-amylose*), which re 
eventually cross-linked to form the ramified struc: ire 
of amylopectin : 


(degradation) | Pseudo-amylose 


(synthesis) 


Amylose 


. Amylopec: in, 


The investigation of pure Q-enzyme and its role 
in the biological transformations of starch is being 
continued. Full details will be published elsewhere. 
We wish to express our indebtedness to Sir Norman 
Haworth, who has inspired so much of the work in 
this field. 
S. Peat 
E. J. Bourn 
S. A. BARK? 
A. E. Hills Laboratories, 
University, Birmingham 15. 
Nov. 21. 

' Hanes, C. 8., Proc. Roy. Soc., B, 129, 174 (1940) 

* Haworth, W. N., Peat, S..and Bourne, E. J., Nefure, 184, 236 (1944 

* Bourne, E. J., and Peat, S., J. Chem. Soc., 877 (1945). 

* Bourne, E. J., Macey, A., and Peat, S., J. Chem. Soe., 882 (1945 

* Haworth, W. N., Peat, S., and Sagrott. P. E., Nature, 1§7, 19 (1 94 


Adenosinetriphosphate in Glutamine 
Synthesis 


It was shown by Krebs' that the energy required 
for the synthesis of glutamine from glutamic acid 
and ammonia which occurs in tissue slices of brain 
cortex, can be furnished by the oxidation of glucose. 
In the course of a more general investigation of 
phosphate-transferring enzymes, evidence has been 
obtained that adenosinetriphosphate is the immediate 
energy donor for glutamine synthesis. Since this work 
was performed, Speck, in a recent publication’, has 
reported similar resilts obtained from work on 
glutamine synthesis in pigeon liver. 

An enzyme system has been extracted from sheep 
brain which catalyses the formation of glutamine. 
The extract was freed from adenosinetriphosphatase 
activity as follows. Acetone-dried grey matter of 
sheep brain was extracted with ten volumes of water 
and the solids removed by centrifuging. The crude 
extract, after cooling to 4°, was mixed with one fifth 
vol. of 0-1 M acetate buffer, pH 4-2. The precipitate 
which formed was centrifuged down and redissolved 
in water by adjusting the pH to 6-7. The purified 
extragt showed negligible adenosinetriphosphatase 
activity. Glutamine was formed when the extract 
was incubated in the presence of glutamate, ammonia 
and adenosinetriphosphate. When the ammonia in 
this system was replaced by hydroxylamine, a 
hydroxamic acid was formed which could be estim- 
ated by the colorimetric method devised by Lipmann 
and Tuttle* for the estimation of acyl-phosphates. 

Incubations were carried out in open centrifuge 
tubes at 37° for 25 min. The complete system con- 
tained acetate buffer pH 5-4, 0-25 M; magnesium 
chloride, 0-02 M ; neutralized hydroxylamine hydro- 
chloride, 0-02 M ; neutralized cysteine hydrochloride, 
0-02 M; sodium /(+) glutamate, 0-05 M; adenos- 
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inetriphosphate containing 0-56 mgm. pyrophos- 


phate-P; enzyme solution, 0-5 ml.; final vol., 2 ml. 

For experiments showing the formation of amide, 
the hydroxylamine was replaced by ammonium 
chloride containing 100 vgm. ammonia-nitrogen. 


After the period of incubation, the reaction was 
stopped by the addition of the reagents used for the 
estimation of the hydroxamic acid’. Values of the 
latter are expressed in terms of a standard prepared 
from acetyl-phosphate. 


TABLE | 
Amide 
Hydrox. acid Phosphate lib. formed 
Details of incubation (amol.) (umol.) (umol.) 
Expt. 1 Complete system $-8 1-86 16 
2 No glutamate 0-0 0-12 
No adenosinetri- 
phosphate 0-0 - 
4 No magnesium salt 0-3 0-2 
M/100 sodium fluor- 
ide present 0-56 0-42 
6 Adenosinetriphos- 
phatase activity - O-1 


From Table 1 it can be seen that the formation of 
amide, or of hydroxamic acid, was paralleled by the 
liberation of inorganic phosphate from adenosinetri- 
phosphate (expt. 1). The purified extract was almost 
completely inactive without the addition of mag- 
nesium ions (expt. 4) and was inhibited by fluoride 
expt. 5). After prolonged dialysis the extract was 
activated by cysteine. The enzyme is completely 
specific for the natural isomer of glutamic acid, the 
d(—) form being inactive. Table 2 shows that the 
formation of hydroxamic acid was dependent on the 
adenosinetriphosphate added to the system. 


TABLE 2 
Mgm. adenosinetriphosphate 
pyrophosphate-P added 00 0-056 0-112 0-224 0-56 
mol. hydrox. acid 0-0 0-89 1°45 20 2°65 


The mechanism by which adenosinetriphosphate 
enters into the synthesis of glutamine is at present 
unknown, but one possibility which is being exam- 
ined is that the first stage in this synthesis might be 
a transfer of a phosphate group of adenosinetri- 
phosphate to the y-COOH of glutamic acid, forming 
glutamyl-phosphate. This could then be expected to 
react with ammonia or hydroxylamine, to form 
glutamine or a hydroxamic acid respectively, with 
the liberation of inorganic phosphate. No accumula- 
tion of an acyl-phosphate could be demonstrated 
when ammonia and hydroxylamine were both absent 
during the incubation. 

Further work on this system will be reported later. 

[ wish to thank Dr. Malcolm Dixon for the valuable 
advice he has given during this work and the Medical 
Research Council for a grant. 


W. H. Extiorr 
Biochemical Laboratory, 
Cambridge. Sept. 27 
' Krebs, H. A., Biochem. J., 20, 1951 (1935). 


*Speck, J. F., J. Biol 
*Lipmann, F., and Tuttle, L. 


Chem., 168, 403 (1947). 
C., J. Biol. Chem., 158, 21 (1945) 


Glutamine-synthesizing System of Staphylo- 
coccus aureus: its Inhibition by Crystal 
Violet and Methionine-sulphoxide 


in the course of studies on the assimilation of 
glutamic acid by Gram-positive cocci, it has been 
shown that dyes of the triphenylmethane series 
inhibit some phase of glutamate metabolism within the 
cells'. Other studies of the action of glutamate anti- 
metabolites have shown that methionine-sulphoxide 
competitively antagonizes glutamic acid in the nutri- 
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tion of L. arabinosus; since it has no inhibitory 
action in the presence of glutamine, it has been 
suggested that methionine-sulphoxide inhibits the 
synthesis of glutamine from glutamic acid’. Elliott 
has described’ the preparation of an enzyme system 
from sheep brain which catalyses the formation of 
glutamine from glutamic acid in the presence of 
adenosinetriphosphate. A survey of the occurrence 
of this enzyme in bacteria has now been undertaken. 

The formation of a hydroxamic acid in the presence 
of glutamic acid, adenosinetriphosphate and hydroxyl- 
amine was used as a test for the presence of the 
enzyme system synthesizing glutamine*. Thick washed 
suspensions of Staph. aureus showed no activity ; but 
mechanical disintegration of the cells gave an active 
extract. The organisms were grown for 6 hr. at 37° 
in a casein-digest medium in Roux bottles, the cells 
harvested, washed once in distilled water and then 
made up into a thick suspension of approximately 
30 mgm. dry weight of cells per ml. This suspension 
was disintegrated by shaking with ‘glow beads’ 
at 50 vibrations/sec. for 45 min. The solid par- 
ticles were centrifuged down and the supernatant 
liquid used as enzyme preparation. It was found 
convenient, owing to the smaller activity of the 
crude bacterial enzyme preparation, to modify 
slightly the conditions of testing used with the brain 
enzyme’, as described below. This gave a hydroxamic 
acid formation large enough to be measured accur- 
ately. Incubations were carried out in open tubes 
at 37° for one hour. The system contained acetate 
buffer pH 5-4, 0:-2M; sodium (+) glutamate, 
0-06 MM; magnesium chloride, 0-045 M; cysteine, 
0-025 M ; neutralized hydroxylamine hydrochloride, 
0-066 M; adenosinetriphosphate, 2-46 mgm. pyro- 
phosphate-P ; enzyme, 1 ml.; final vol.,4-5ml. After 
the incubation period, the colour was developed by 
adding, in turn, 0-5 ml. each of hydrochloric acid 
(1 vol. concentrated acid diluted with 1 vol. water), 
20 per cent trichloracetic acid, and 10 per cent 
FeCl,.6H,O in 0-2 N hydrochloric acid. 

The effect of the triphenylmethane dyes was 
tested on the enzyme. Incubations were carried out 
in the presence of various concentrations of the dyes, 
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the latter being extracted with isobutanol and finally 
with ether before estimation of the hydroxamic acid 
in the photo-electric colorimeter. Crystal violet was 
completely inhibitory at a concentration of M/4,000, 
although the dye had no effect at M/40,000. p-Ros- 
aniline at a concentration of M/2,000 had no effect. 

The enzyme is also inhibited by methionine- 
sulphoxide, but in this case the inhibition is of the 
competitive type. In the accompanying graph the 
reciprocals of the velocity (1/v) are plotted against 
the reciprocals of the glutamate concentration (1/8). 
By extrapolation it can be seen that the maximum 
velocity (that is, the intercept on the ordinate) is the 
same whether inhibitor is present or not, showing 
that the inhibition is competitive‘. When the con- 
centration of glutamate is 0-033 M, M/90 methionine- 
sulphoxide gives an inhibition of 72 per cent ; if the 
glutamate concentration is increased to 0-13 M, the 
same concentration of inhibitor gives 57 per cent 
inhibition. These findings can be related to the 
results of Waelsch et al.*, on the effect of methionine- 
sulphoxide in the nutrition of L. arabinosus. 

No inhibition of the enzyme system was obtained 
with sulphathiazole (saturated solution) or penicillin 
(60 Oxford units per ml.), and the enzyme is formed 
to the same extent in cells grown in the presence of 
4 units penicillin per ml. medium‘. 

W. H. Ettrorr 
Sub-department of Enzyme Biochemistry, 
Biochemical Laboratory, Cambridge. 
E. F. Gate 

M.R.C. Unit for Chemical Microbiology, 

Biochemical Laboratory, 

Cambridge. Oct. 3. 
* Gale, E. F., and Mitchell, P. D., J. Gen. Microbdiol., 1 
* Waelsch, H., Owades, P., Miller, H. K., and Borek, E 
166, 273 (1946). 

* Elliott, W. H., Nature, see preceding communication. 
* Lineweaver, H., and Burk, D., J. Amer. Chem. Soc., 56, 658 (1934). 
* Gale, E. F., and Taylor, E. 8., Nature, 1§8, 676 (1946). 


299 (1947). 
J. Biol. Chem. 


Use of Solubility Curves at i pH and 
Constant lonic Strength for the Precipitation 
and Crystallization of Proteins 


PROTEIN solubility curves at varying pH and 
constant ionic strength have permitted us to secure 
important data regarding the fractionation of muscle 
proteins of the myogen group. This is illustrated 
by Fig. 1, showing a set of such curves drawn for a 
rabbit muscle extract of the same kind as that 
prepared by Baranowski' to obtain crystalline 
myogen A. 

The precipitations are carried out at 22° C. on the 
0-5 saturated ammonium sulphate bulk extract, by 
adding solutions of equal ionic strength, containing 
ammonium sulphate buffered by phosphates. The 
precipitates are separated by centrifugation. The 
refractive index increment of the clear supernatant 
is measured by comparison with a protein-free solu- 
tion of the same salt concentration. We use a Pul- 
frich refractometer with double-compartment prism. 
Protein concentrations can be estimated within 0-5 
per cent by this method. The pH values are cal- 
culated from glass electrode measurements at 22° C. ; 
no corrections were made for diffusion potentials. 

The diagram shows eight different solubility minima 
at the following pH values: 5-59, 5-71, 5-83, 5-95, 
6-00, 6-07, 6-52 and 6-70. 

The salting-out limits of each protein are determined 
by the ammonium sulphate concentrations at which 
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& given minimum appears and disappears. ‘The 
curves show evidence of considerable overlapping in 
the salting-out of the proteins of our extracts. 

Salting-out alone could not be used in this case to 
separate single proteins, but it soon became evident 
that the diagram indicates the conditions necessary 
to obtain crystalline proteins: when an isoelectric 
protein is brought to its saturation point, it has a 
greater tendency towards crystallizing than any 
other protein in the mixture. 

We have succeeded in preparing three different 
kinds of crystals from the fraction precipitated be- 
tween 2-008 and 2-341 mol./l. This fraction is sep- 
arated at 22° C., at the pH of the minima 5-59, 5-83, 
6-00, 6-52 and 6-70, using the same precipitating 
solutions as for establishing Curve VII. The pre- 
cipitates are dissolved in the least amount of water 
and the solutions are brought to saturation point by 
adding small amounts of solid ammonium sulphate. 
After storage at 4° C., three different kinds of crystals 
separate at pH 5-59, 5-83 and 6-00, as shown in the 
accompanying microphotographs (Figs. 2, 3, 4). The 
fractions obtained at pH 6-52 and 6-70 are very 
thixotropic and crystallization seems more difficult. 
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However, bundles of long needles appear at pH 6-7 
but only after prolonged storage. 

Work is now in progress to define the properties 
of the different crystals and their state of purity. 











We also propose to investigate the possibility of 
obtaining other crystals. 

We think that the facts recorded here are sufficient 
to demonstrate the usefulness of this solubility 
method. Fractionation schemes, based on it, can be 
developed on less empirical bases than usual. The 
tracing of the different substances in the precipitates 
is done by using a property common to all proteins, 
the technical work is quite simple and the method 
shows itself to be sensitive and of great help for 
crystallizing proteins in bulk extracts. 

A. DistkcHE 

Laboratory of General Biology, 

University of Liége. 
Sept. 1. 
‘Baranowski, T., C.R. Soe. Biol., 150, 1182 (1939). 


Reaction between Catalase and Hydrogen 
Peroxide 


In a recent communication in Nature’, Dr. P. 
George described manometric experiments which 
showed a rapid initial decay of the enzyme compared 
with which the well-known decay due to irreversible 
destruction was so slow that the rate became almost 
steady. These experiments were carried out with 
rather high concentrations of hydrogen peroxide. 

In previous experiments in this laboratory no 
such initial effect has been observed with the oxy- 
dimetric method*, the reaction following closely the 


course mathematically deducible from the two 
equations : 
-dCy,0, = k-ECy,o,dt and —dE=k’E.Cy,0,-4t. 


With an improved oxydimetric technique allowing 
exact timing and estimation in intervals of a few 
seconds, we have now been able to confirm the 
initial rapid decay. With a hydrogen peroxide con- 
centration of 0-005 M, this technique shows the 
rapid decay to be limited to the first half to one 
minute, and the amount of hydrogen peroxide de- 
composed during it to be small compared with the 
amount decomposed during the usual three minutes 
intervals. 

In the same article, George described some pre- 
liminary experiments on the action of azide and 
cyanide on the catalytic decomposition of hydrogen 
peroxide. We have been engaged for some time on a 
study of azide and cyanide inhibition of catalase with 
the improved oxydimetric technique. The prelim- 
inary results of these studies have been presented in a 
paper read before the Adelaide Science Congress in 
August 1946 and are being published in the Congress 
Reports*. 

The graph shows the variation of the apparent 
monomolecular reaction constant of hydrogen per- 
oxide decomposition with time. Whereas 1-9 x 10-*- 
39 x 10* M cyanide causes an immediate 
inhibition of the enzyme activity and no marked 
initial rapid decay, 1-1 x 10-’ M azide, even if added 
to the enzyme before hydrogen peroxide, causes no 
immediate inhibition but a marked rapid decay. There 
is thus a fundamental difference in the mechanism of 
inhibition of catalase by azide and by cyanide. These 
experiments were carried out with horse liver catalase 
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of Kat.-F. 25,000. Identical results were obtained 
with horse erythrocyte catalase of Kat.-F. 56,000. 

According to George, the initial rapid decay is due 
to the attainment of an equilibrium the kinetics of 
which agree with the reduction of the hematin iron 
to the ferrous state, as was assumed by Keilin and 
Hartree‘. 

Our experiments support this assumption for the 
case of catalase in the presence of azide. Carbon 
monoxide causes an increase in both the rapid decay 
and the degree of inhibition as measured over longer 
times. Nevertheless, there are complicating observa- 
tions. No activation by oxygenation after disappear- 
ance of hydrogen peroxide could be obtained. The 
absorption spectrum of Keilin’s azide ferrocatalase® 
was not altered by nitric oxide, whereas carbon 
monoxide shifted the bands. Moreover, nitric oxide 
had a specific effect in replacing carbon monoxide 
and regenerating the spectrum of the original ‘azide 
ferrocatalase’. These observations suggest the overall 
reaction : 

N;~ + Fett++ — catalase + H,O, —> 
NO.Fet+ — catalase + H,O + N,. 


As even in the presence of carbon monoxide we could 
obtain appreciable inhibition of catalase only by a 
large molar excess of azide over catalase, the accuracy 
of the methods available for azide estimation did not 
allow a direct proof of the oxidation of azide. 

Hydroxylamine and hydrogen peroxide yield a 
spectroscopically undistinguishable compound, and 
again an oxidation of hydroxylamine to nitric oxide 
would supply the explanation. 

We can confirm the observation that the inhibition 
of catalase by cysteine is increased by carbon 
monoxide, and found the same to hold for BAL 
(dimercaptopropanol). No iron is removed from 
catalase by BAL, as has been assumed by Webb and 
van Heyningen’ in explanation of the inhibition it 
causes. 
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While in the above cases reduction of catalase 
iron takes place, there is no evidence for such a 
reaction with uninhibited catalase, or with catalase 
plus ascorbic acid. Ascorbic acid (neutralized) forms 
a spectroscopically observable ferric compound with 
catalase with absorption bands at 565 and 535 mu ; 
this is not reduced by hydrogen peroxide in an 
atmosphere of carbon monoxide. 

In the paper read at the Adelaide Congress one 
of us (R. L.) developed a theory of catalytic action 
which formulates the mechanism as follows : 


(a) 
(X)Fe™ H,O, = —~ (X)Fe™ (H,O ) 
x, J 
(c) H,0, (b) 
(XH_)Fe™ + O, 


where X represents a hydrogen acceptor group in the 
protein. 

Catalase is not inhibited by M/100 iodoacetic acid ; 
but it is not clear whether it contains essential SH 
groups*:*. While no such reaction of hydrogen 
peroxide complexes with hydrogen acceptor groups 
in proteins is known, the specificity of catalase may 
reside in such a mechanism. The above cycle would 
correspond to the initial rapid rate. As the ‘steady 
state’ of uninhibited catalase is not affected by 
carbon monoxide, the initial decay is unlikely to be 
due to slow reduction of the ferric iron by XH, after 
reaction (6). A possible explanation would appear 
to be a competition for peroxide in step (c) between 
XH, and other hydrogen donor groups in the protein. 
It is noteworthy that the above cycle corresponds 
formally with the cycle as postulated by George : 

E H,O, 
x 


H,0; \. 


= E(H,0.) 


With low hydrogen peroxide and high catalase con- 
centration, catalase acts peroxidatively on alcohols’. 
Under such conditions reaction (c) of the catalytic 
cycle may be replaced by combination of the iron 
of the Fe™ (XH.) complex with hydrogen peroxide, 
followed by oxidation of alcohol bound in the com- 
plex. Some observations on the effect of azide and 
ascorbic acid on the peroxidative action of catalase 
also support the view of a specific action of the 
catalase protein. 

This work has been supported by grants of the 
National Health and Medical Research Council of 
Australia. Full details of the experimental work will 
be published elsewhere. 

R. LEMBERG 
E. C, FouLKEes 
Institute of Medical Research, 
Royal North Shore Hospital, 
Sydney. 
Oct. 13. 


' George, P., Nature, 160, 41 (1947). 

* Lemberg, R., and Legge, J. W., Biochem. J., 37, 117 (1943). 

* Report of the Adelaide Meeting of the Australian and New Zealand 
Association for the Advancement of Science. August 1946 (in 
the preas). 

* Keilin, D., and Hartree, E. F., Proc. Roy. Soc., B, 124, 397 (1938). 

* Keilin, D. and Hartree, E. F., Biochem. J., 39, 148 (1945). 

* Cook, E. 8., et al., J. Biol. Chem., 162, 43 (1946). 

Webb, E. (., and van Heyningen, R., Biochem. J., 41, 74 (1947). 
* Barron, E. 8. G., and Singer, T. P., J. Biol. Chem., 157, 221 (1945). 
* Keilin, D., and Hartree, BE. F., Biochem. J., 39, 293 (1945). 
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Synthetic Polyglutamic Acid 


Vol. 


THE recent paper by Woodward' records the 
synthesis of polypeptides of very high molecular 
weight by the polymerization of N-carbonic an. 
hydrides (I). This reaction is a well-known me‘ hod 
of preparing polypeptides**.*, and Go and ‘lanjs 
prepared both a polyglycine of molecular weight «out 


6,000, and a co-polymer of L-leucine and glycin 
We have been using this method to synthes »« q 











polyglutamic acid (II). This should resemble the 
capsular substance of Bacillus anthracis, which: has 
recently been shown to consist of an «-peptide « jain 
of D-glutamic acid residues joined by y-peptide 
chains of D-glutamic acid residues ; thus one specimen | 
(H 230 B), molecular weight 21,000, contains about | 
ten y-peptide links and the a-peptide chains contain 
50-100 residues*. The infra-red spectra of the silver 
salt of the synthetic polymer (II) and the silver salt 


of H 230 B have, in fact, been found by Mr. I. J, 


Ambrose of this Laboratory to be very similar 
R .CH—CO 
hun b 
CO 
I 


NH, . CH . CO [NH . CH . CO}, NH . CH . COOH 


| 
(CH,),COOH (bH,),cooH (OH,c00H 
II 


The carbonic anhydride (I: R = CH,—CH, 
COOCH,) was prepared from y-methyl L-glutamate ; 
polymerization in cold pyridine gave the methy] ester 
of polyglutamic acid (II) as a colourless solid soluble 
only in pyridine. Hydrolysis of this polymer with 
hydrobromic acid gave partially racemized glutamic 
acid ; since, however, the same specific rotation was 
observed when L-glutamic acid was heated with 
hydrobromic acid under the same conditions, partial 
racemization is ascribed to the hydrolytic procedure. 
This conclusion is confirmed by the fact that the 
extent of racemization was independent of the method 
of polymerization, so that we conclude that no 
appreciable racemization accompanies the poly- 
merization of this carbonic anhydride. 

Hydrolysis of the ester groups in the methyl ester 
of the polymer (II) was effected by alcoholic, followed 
by aqueous, alkali. The potassium salt of the poly- 
glutamic acid (II) was purified by dialysis ; its mole- 
cular weight as determined by Van Slyke amino- 
nitrogen estimation was about 15,000. Treatment with 
silver nitrate gave the synthetic silver salt referred 
to above. The treatment with alkali, however, caused 
considerable racemization. 


A full account of this work will be published later. 


W. E. Hansy 
S. G. WALLEY 
J. WaTSON 
Courtaulds, Ltd., 
Maidenhead. 
Oct. 3. 


* Woodward and Schramm, J. Amer. Chem. Soc., 68, 1551 (1947) 

* Leuchs, Ber., 39, 857 (1906); 41, 1721 (1908). 

* Curtius and Sieber, Ber., 65, 1543 (1922). 

* Weasely et al., Z. phyeiol. Chem., 146, 172 (1925); 157, 191 (1926); 
159, 102 (1926); 170, 167 (1927); Monatshefte, 48, 1 (1927 

*Go and Tani, Bull. Chem. Soc. Japan, 14, 510 (1939). 

* Hanby and Rydon, Biochem. J., 40, 297 (1946). 
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Dielectric Relaxation of Molecules Containing 
Rotating Polar Groups 


Desye’s theory of dielectric relaxation has been 
extended to molecules consisting of two similar polar 
groups, Which cannot rotate freely relatively to one 
another about their common rotational axis owing 
to their mutual potential energy. As a result 
the mean dipole moment of the molecule in the field 
F = F, exp tt can be expressed by a sum of terms 
of Debye’s type, namely, C,/(1 + t@t,). The de- 
termination of the relaxation times t, and of the 


| (,’s leads to the problem of the characteristic values 





and functions of a differential equation of Hill’s type, 
the explicit form of which is determined by the 
potential function V(¢), where ¢ is the azimuthal 
angle between the dipole moments of the groups. 
In order to obtain a first orientation, V(?) has 
been assumed to have the form (2/x*)E¢*; then 22, 
the difference between the potential energies in the 
equal and opposite directions of the moments of the 
groups, is a measure of the interaction between the 
groups ; in this case the mean moment of the mole- 
ule can be obtained relatively easily with any desired 
weuracy, for all values of the parameter q = E/kT’. 
We give here the results for long wave-lengths only, 
and for symmetrical molecules in which the com- 
ponents of the dipole moments of the groups per- 
pendicular to the rotational axis are equal (u,, say) 
and the sum of their parallel components is zero. 
Then the mean moment can be written in the form 


. 
2 
3kT 


m (1 iw), 


where u is the measurable dipole moment of the 
molecule and + is the ‘relaxation time for long wave- 
lengths’. In the case of free rotation, one has u? 
l afl 1\! _ 
14 = 2u,? and l =— ‘7 + —) , and for a rigid 
t t = Pa 

molecule, that is, when the relative position of the 
groups is completely fixed in parallel orientation 
f their moments, then u?* tr? (2u,)? and 
l l 


kT (? +, )*. Here ¢, is the coefficient 
v 4 “a 
f friction of one of the groups, p that of the 
molecule as a whole; o refers to rotations about 
axes which are perpendicular to the axis of the 
groups. Some values of u* and +, expressed in the 
units uy* and ty, are given in the accompanying table. 
The values of + are calculated for ¢/p, = 2 and 4; 
the headings cis and trans in the table correspond to 
the cases in which the potential function has its 
minimum at equal or opposite directions of the 


moments of the groups. 


Cis Trans 
q u* pg? t/t w les? t/t 
(pip, =2) | (pip, =4) (pip, =2) | (p/pi=4) 

{ 1 l 1 1 1 1 
0-12 1-050 1-076 1-105 0-950 1-001 1-010 
Orc 1-099 1-143 1-201 0-901 0-980 0-995 
0 1-187} 1-249 1-348 0-813 0-924 0-014 
l 1-341) 1-366 1-503 0-659 0-780 0-751 
2 1546) 1-449 1-606 0-454 0-564 0-519 
40 | 1-735) 1-485 1 649 0-265 0°353 | 0-312 
8+ 1-857 1-496 1 -662 0-143 0-200 0-173 
164 1-926; 1-499 1 665 0-074 0-107 0-091 
- 2 3/2 5/3 0 0 0 


Experimentally, E. Fischer found* that the relaxa- 


tion time, for long wave-lengths, for 0oo’-dichloro- 


diphenyl (u = 1-75) is 1-19 times greater than that 
for the mm’-dichloro-diphenyl (u 1-68). When we 
use for us and ty the experimental values of the latter, 
in which the dipoles of the groups are far enough 
apart, then the ratios obtained experimentally are 
2/ue? = 1-085 and t/t; 1-19, which agree very 
well with our results for the cis-case ; the table gives 
for g = 0-25 and ¢/o, = 4 the ratios 1-099 and 1-20, 
the approximate value 4 for ¢/p, being obtained on 
the basis of Perrin’s theory. But the results are not 
in agreement for the trans-case. This shows that in 
the mutual potential energy of the groups, not only 
the electrostatic interaction of their dipole moments, 
which favours the trans-position, but also other 
influences are of importance. 

The terms used above have the conventional mean- 
ing attached to them in the Debye theory. Details 
of this work will be published elsewhere. 

A. Bup6o6 
Physical Institute of the High School, 
Szeged. 
July 1. 


* Budd, A., Phys. Z., 39, 706 (1938). 
* Perrin, F., J. Phys., (7), 5, 497 (1934). 
* Fischer, E., Phys. Z., 40, 645 (1939). 


Emission of Enhanced Microwave Solar 
Radiation 


Ir is now well known that radiation in the 1-metre 
wave-length range from the quiescent sun corresponds 
to that from a black body at about 10* °K., but that 
when large spot groups are present the effective 
temperature is many times higher, the extra radiation 
originating in the neighbourhood of the spot group. 
The million degree radiation has been explained by 
Martyn', who attributes this to thermal emission 
from the normal corona. Kiepenheuer has suggested? 
that the enhanced emission comes from thermal 
electrons spiralling around lines of magnetic force. 
This idea has been attacked by Martyn*, and both 
he and Shklovsky* have advanced theories for the 
enhanced emission involving radiation by electrons 
oscillating at the fundamental frequency of the 
plasma. 

A theory involving a different origin for the energy, 
but assuming emission of radiation by spiralling 
electrons, is outlined below. We consider first a 
mechanism whereby electrons may gain energies 
much greater than thermal; and, secondly, the 
resulting intensities of the radiation received at the 
earth. 

A detailed discussion of the induced currents in 
the sun’s atmosphere consequent on sunspot growth 
is being published elsewhere’. It has been shown 
that the current paths, which must follow lines of 
magnetic force, may pass partly through the corona, 
but that any complete circuit must also lie partly 
below the sun’s surface. Plausible assumptions enable 
us to predict that if the conductivity be 10-° £.a.v., 
the current density along suitable circuits will be of 
the order of 10-* E.m.v. for an average rate of growth 
of a sunspot. The total E.M.F. around such a circuit 
may be about 10" E.m.v. The fields can be shown 
sufficient to cause chromospheric flares*. 

The weak-field conductivity of the sun’s atmosphere 
varies as the 3/2 power of the temperature, so that 
in the corona it is normally 10° E.M.U. as against 
10°* E.M.U. in the chromosphere. The conductivity 
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changes, however, with electric field-strength. In 
the weak fields, electrons make frequent elastic 
collisions with ions. But the collision cross-section 
varies inversely as the fourth power of the electron 
velocity, and it can be shown that with stronger 
fields the elastic collision cross-section becomes quite 
small, so that the conductivity increases’. If the 
electrons have sufficient energy, inelastic collisions 
can occur, and in the chromosphere these limit 
electron velocities unless the field is great enough. 
Both in the chromosphere and corona, electrons 
travel unimpeded by collisions for sufficiently high 
fields. 

At any one time the current is constant across all 
sections of any given circuit, so that for small current 
densities the field in the corona is 10~ of that in the 
chromosphere. Passing to the other extreme, relativ- 
istic limitations on electron velocities prevent the 
current density from exceeding n e c, where n is the 
minimum electron concentration in the circuit, that 
is, the concentration in the corona. Thus the current 
density cannot exceed 2-2 10°? E.m.U. if n 10° 
per c.c. (about twenty times the normal current as 
given above). Thus if the E.M.F. around a circuit is 
of the order of 10'* E.m.v. (10* volts) or more, as 
may well happen near a rapidly changing spot group, 
an appreciable part of this may be localized some- 
where in the upper chromosphere or corona; the 
distribution of E.M.¥. elsewhere in the circuit will be 
limited to that which suffices to give the same current 
as can flow in the corona. Thus electrons may obtain 
energies up to 10*-10’ electron volts there. 

If electrons the velocities of which are initially 
directed along lines of magnetic force are now 
scattered at collisions, they will spiral around the 
lines of force. The mean free path between such 
collisions is so long, however, that this process is 
unlikely. On the other hand, if the lines of force 
eurve through a large angle, as is certainly so in the 
corona for the case under discussion, the electrons 
will spiral around the lines of force, and an appre- 
ciable part of their kinetic energy will be involved 
in such motion. 

Bailey has shown* that in the presence of a steady 
magnetic field H in an ionized gas with finite electron 
density there are three fundamental modes of free 
oscillation of an electromagnetic field. We shall refer 
here to only one of these, although the others may 
also be of importance. This particular mode has a 
frequency which depends on the electron concentra- 
tion and on the collision frequency ; but when these 
quantities are both small, this natural frequency 
approximates to the gyrofrequency, eH/2m. For 
conditions such as occur in the inner corona, varia- 
tions from this frequency are of the order of only a 
few per cent, and may be neglected. Selecting 100 
gauss as a typical value of the magnetic field, we 
obtain the frequencies for various electron energies 
as given in the accompanying table. 

FREQUENCY OF RADIATION FROM SPIRALLING ELECTRONS OF 
VARIOUS ENERGIES 


Frequency per 


Electron velocity | Electron energy 100 gauss 














(cm./sec.) (volts) (cycles/sec.) 
3 x 10° 25x10 2°83 
3 x 10° 29 x 10° 2-7 x 
1°5 x 10** 75 x 10* 2-4 x 10° 
2-1 x 10** 1-7 x 10° 20 x 10° 
2-7 x 10° | 4-7 x 10° 1-2 x 10° 
2-85 x 10" | 74x 106 8-7 x 10° 
2-97 x 10" | 1°8 x lof 40 x 10° 
2-907 x 10°° | 5°8 x 10° 1-2 x 10’ 
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The intensity of the radiation emitted per unit 
surface area cannot exceed that from a black body 
at the same effective temperature (obtained approx. 
imately by multiplying the energy in electron volts 
by 10‘). Computation shows that, in the absence 
of self-absorption, the energy emitted by the spiralling 
electrons would be very much greater than this, so 
that there is little doubt that, in fact, black body 
intensities are achieved. For a source of projected 
area 3 10"* metre? on the sun (1/5,000 of the 
disk), the radiation received at the earth would be 
1-65 10°** 7 watts/metre*/c./s. This is 1-6 1o-19 
W./m.?/e./s. for 10* eV. electrons, which is in the 
range of magnitude of the observed enhanced raclia- 
tion’. 

The dependence of the emission on high fields leads 
us to expect that this would be sometimes associated 
with flares, which are predicted under rather similar 
conditions. This is in accordance with observation. 

The above theory will be presented in greater detail 
elsewhere. The work described has been carried out 
as part of the programme of the Commonwealth 
Council for Scientific and Industrial Research. I am 
indebted to Dr. J. L. Pawsey for information con- 
cerning observed radiation intensities at the earth’s 
surface, and to Prof. V. A. Bailey for his kindness 
in placing at my disposal his as yet unpublished 
results on the natural oscillations of an ionized gas 
in a magnetic field. 


in’s 


R. G. GIlovaNeE.ti 


Division of Physics, 
Commonwealth Council for Scientific 
and Industrial Research, 
National Standards Laboratory, 
Chippendale, N.S.W. 

Sept. 26. 


‘Martyn, D. F., Nature, 158, 632 (1946). 

* Kiepenheuer, K. O., Nature, 167, 47 (1946). 

* Martyn, D. F., Nature, 159, 26 (1947). 

* Shklovsky, J. S., Nature, 159, 752 (1947). 

* Giovanelli, R. G., “Electromagnetic Fields and Currents in the 
Sun’s Atmosphere near Growing Sunspots’’, Mon. Not. Roy. Aa. 
Soe. (in the press). 

* Giovanelli, R. G., “Chromospheric Flares and Their Origin’’, Mon. 
Not. Roy. Ast. Soe. (in the press). 

’ Giovanelli, R. G., “Electron Energies Resulting from an Electric 
Field in a Highly Ionised Gas’’, Phil. Mag. (in_the press). 

* Bailey, V. A. (private communication). 

* Pawsey, J. L., Payne-Scott, R., and McCready, L. 
Soe. (in the press) 
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Solar Radio Emissions and Sunspots 


THE ratio of the equivalent source temperatures 
as deduced from observations of solar electromagnetic 
radiation for frequencies of 80 Mc./s. and 175 Me./s. 
(T's9/T 173) by Ryle and Vonberg' would appear to 
have considerable significance to solar as well as 
radio physicists. 

A comparison of their curve of (7'g/7',7;) for the 
period December 1946—April 1947 with sunspot 
records shows a surprising general agreement. It was 
recognized at a very early stage that the amount 0! 
radio-frequency emission from the sun was probably 
dependent in some way on sunspots*, and this was 
confirmed later by several workers*:*.> covering short 
periods generally during the passage of one of the 
large sunspot groups which have been frequent during 
the present solar maximum period. The index used 
by Ryle and Vonberg, however, is of such a nature, 
and covers a sufficiently long period, that a com- 
parison with sunspot records is possible. From 
records at this Observatory, it was nearly always 














“<\ 


20 
Teo 
Tits 


possi b 
each | 
jualit. 
fully. 
By 
table 
activil 
heen I 
s shor 
rotate 
an eXa 


ase OD 
No 


= 


If t 
the en 
to give 
less th 
more 





r unit 


1 the 
Aa 


Mon 


Roy. 


the 
pot 
vas 
OL 
bly 
vas 
ort 
the 
ing 
sed 
re, 
m- 
ym 


Lys 

















No. 4082 January 24, 1948 
February-March, 1947 
360 280 260 240 220 200 





1@ 19 2021 22 25 2% 25 26 


1947 February 
nm 


20 





NATURE 


180 

















135 


Heliographic longitudes 


160 1 120 100 80. 60 












-20 
-30 
-40 





March 
; 4} cy "2: Cr. Ore 
_ 
~“ 
oo" a ee a a a ae 





possible to ascribe some significant sunspot group to 
each of the maxima of the curve, which, at least 
jualitatively, appears to follow spot activity faith- 
fully 

By following the curve through, the accompanying 
table shows how the variations agree with sunspot 
ctivity. Small pores and insignificant groups have 
been neglected. The remarkable general agreement 
s shown in the accompanying diagram for the solar 
rotation No. 1250 from February 18 to March 17 as 
in example. 


CM. 
ase Date from passage Helio Kemarks 
N curve sunspot lat. 
Dec. 17 Dec. 17 s Large spot, rapid growth. 

2 Dec. 23 Dec. 21-6 +10 Fairly regular spot preceded by 
moderate group. Kemnant of 
active region. 

} ©Dee. 27 Dec. 28 18 Moderate spot. 

4 Dee. 3) No outstanding spots, but curve 

Jan. 9 variations correspond with 
C.M. passages of small spots 

Jan. 12 Jan. 12°5 6 Large single spot with following 
train. Remains of (1). Active 
region with small outbreaks 
following. 

Jan. 20 Jan. 20°5 12 Moderate group Great «de 
velopment. 

; Jan. 25 Jan. 26-9 20 Large group. Rapid develop 
ment 

* Jan. 31 Nothing. 

> Feb. 6 Feb. 5 15 Moderate spot with groups pr: 
ceding and following. Smal! 
southern outbreaks on 3rd and 
Sth 

» Feb. 11 Feb. 1! -19 Large leader of active group 

Feb. 15 Feb. 16°5 -15 Approx. mean of active areca 


represented by two groups 


2 Feb. 22 Feb. 22:9 -—19 Active group. Return of (7) 
} Feb. 28 Feb. 28 +18 Small but active group. 

Mar. 4 Mar. 4°5 15 Large spot preceded by several! 
spots. Return of case (9) 

Mar 9 Mar. 10) -20 Giant group. Return of (11) 

Mar. 13 Mar. 13 12 Small spot and prominence in 
high N. lat. on C.M. 

Mar. 22 Mar. 21 13. Moderate spot, but a consider- 
able outbreak immediately 
preceding it on March 20 and 
developing rapidly. 

S Mar. 30 Mar. 29-2 -—J0 Large spot. New, but in same 
area as (4). 
» Apr. 7 Apr. 7 -23 Giant group. Return of (15). 
- Apr. 19 Apr. 19 18 Moderate group. 
If the connexion is as real as is suggested, then 


the emission from the undisturbed sun would appear 
to give an equivalent temperature varying somewhat 
less than A* as indicated by Ryle and Vonberg, and 


more nearly to an exponent of % between 1 and 2. 





Also, the suggestions of periodicities of 28, 27 and 
26-3 days would appear to have no significance, 
except perhaps the 27-day period, since such periods 
in particular cases would be due to the vagaries of 
sunspot activity itself. 

So far as the graph can be read, two other points 
are confirmed: (a) the maximum emission is re- 
ceived somewhere near the time of central meridian 
passage ; (b) in general, groups in the early stages 
of vigorous development, or showing activity by large 
umbral movements and changes and accompanied by 
flares, give the greatest emission. 

Various factors would make the relationship 
between times of central meridian passage of sun- 
spots and maximum radio-frequency emission difficult 
to determine in individual cases. They might be 
summarized as follows : 

(a) In the case of a large complicated spot or 
active area zone, the emission intensity may vary 
over the area. 

(6) The axis of the magnetic field may not be 
perpendicular to the photosphere as is suggested by 
Martyn‘. 

(c) A large spot or group takes an appreciable 
time to cross the central meridian, and just what 
part should be taken for timing, if (a) holds, is 
debatable. 

(d) Flares apparently greatly increase the radio 
emission in the form of short bursts, even when the 
flare is not exactly on the meridian, and the general 
emission remains at a fairly high level for some hours 
following®:*, due to the remaining bright H= flocculi. 
This may have an upsetting factor on any radiation 
index used for correlation. 

(e) There is slight evidence that increased emission 
may also occur at the time of central meridian passage 
of certain types of prominences unassociated with 
sunspots. This would provide an additional masking 
effect. 

A statistical study of a large number of observa- 
tions would probably eliminate these factors, for the 
general case. From observations made in New Zealand 
on 75 Mc./s., a few cases have been noted in which 
there has been an increased radio emission without 
any obvious solar feature with which the phenomenon 
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may be connected. The results, however, are still 
in the process of reduction, and no definitive state- 
ment can be made at the moment. 

It is suggested that astronomers with more com- 
plete and accurate solar data than is available at this 
Observatory may be able to make a close analysis 
of the work considered in this note. 

I. L. THomsen 

Carter Observatory, Wellington, W.1, 

New Zealand. 

Oct. 9. 

* Ryle and Vonberg, Nature, 160, 157 (1947). 
* Appleton, Nature, 156, 534 (1945). 
* Pawsey, Payne-Scott and McCready, Nature, 157, 158 (1946). 
* Martyn, Nature, 158, 308 (1946). 
* Lovell and Banwell, Natwre, 158, 517 (1946). 
* Ellison, Nature, 158, 450 (1946). 


Mr. THOMSEN has made an interesting analysis of 


our results in relation to the positions of sunspot 
groups. I should, however, like to make two com- 
ments. 

(a) The suggestion (originally made by Appleton 
and Hey") that the equivalent temperature varies as 
the square of the wave-length referred only to the 
high-intensity radiation associated with sunspots. 
The improved sensitivity of our apparatus makes it 
possible to detect solar radiation at all times, even 
on frequencies as lew as 80 Mc./s., and the results 
obtained during the past eleven months show that 
for frequencies of 80 Mc./s. and 175 Mc./s. the ratio 
of the minimum equivalent temperatures which have 
been observed is about 2-2. 

Until more information is available on the con- 
ditions of escape of radio-frequency radiation from 
sunspot regions, this method of determining the ratio 
T/T 125 for the undisturbed sun appears more 
reliable than simultaneous observations on the two 
frequencies made at times when no disturbed region 
appears to be near the central meridian. 

(6) The ratio 7'4/7',75 has now been plotted for a 
period covering twelve solar rotations, and additional 
confirmation has been obtained of the suggestion 
(made in our previous communication) of an apparent 
periodicity of this ratio. During this time the exist- 
ence of three major ‘active regions’ is suggested by 
our results, with mean periodicities of 27-9, 27-0 and 
26-3 days. The disturbances can be followed for 5, 7 
and 11 solar rotations respectively. 

While these results cannot yet be regarded as 
sufficient proof, they seem to provide good evidence 
for the existence of long-lived active regions, which 
at some time in their development give rise to the 


appearance of visual sunspots. 


Cavendish Laboratory, 
Cambridge. 
Nov. 27. 
' Appleton and Her, Phil. Mag., 37 75 


M. RYLE 


(1946) 


Structure of Calcium Fluoride Films Evapor- 
ated on Polished Glass Surfaces 


CONSIDERABLE research has been carried out on 
the structure of thin films of calcium fluoride de- 
posited by evaporation on polished surfaces'*. But 
very little, if any, attention has been paid to the 
temperature of the surface during the period of 
deposition. In a letter published in 1946°, it was 
shown that this temperature plays an important part 
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in the adhesiveness, the water solubility and the 
optical properties of quarter wave-length anti. 
reflexion films evaporated on to glass. It has now 
been found, mainly from X-ray examination, that the 
structure of a film depends very much on the tem. 
perature of the glass surface during the process of 
evaporation. Initial results of this investigation were 


‘ineluded in the letter mentioned above. 


In continuing the measurements, the same Seenan 
Bohlin type of powder camera was employed. This 
camera has a radius of 10 em. and records X-rays 
scattered through angles up to about 80°. With the 
iron Ka radiation used, it is capable of recording the 
three strong spectral lines 111, 220 and 311 of calcium 
fluoride. With films having an optical thickness of 
} 5500, it was impossible to obtain sufficiently clear 
photographs of some of these lines. The line 220 was 
always present, irrespective of the temperature of 
the glass surface during coating. It was difficult to 
determine whether the line 111 was present or not 
as the angular deviation for this line is 36° only and 
the background of scattered radiation was com. 
paratively strong. The line 311 was difficult to see, 
one reason being that it was weakened on account 
of its distance from the irradiated calcium fluoride. 
coated surface. For } )550 films some photographs 
were taken, and it was found that the three lines were 
present in the case of films on glass surfaces maintained 
at about 25° C. during deposition, but the line 11] 
was absent for films on surfaces maintained at 105° C 

In order to procure clearer photographs it was 
decided to work with calcium fluoride films having an 
optical thickness of 5/4 25500. These films proved 
sufficiently thick to give good definition with an 
exposure of 50 milliampere-hours. Results have so 
far been obtained for crown and flint glasses, the 
polished surfaces of which were maintained at various 
temperatures, 7’, during coating. Below is a summary 
of the results for crown glass (np = 1-52): (a) When 
T is 25° C. the line 111 is fairly strong, the line 220 is 
weak and the line 311 is very weak; (b) when T is 
75° C. the line 111 is fairly weak, the line 220 is 
rather strong and the line 311 is very weak ; (c) when 
T is 105°C. the line 111 is absent, the line 220 is 
strong and the line 311 is very weak; (d) When T 
has various values between 105° C. and 300° C., the 
line 111 is absent, the line 220 is strong and the line 
311 is very weak. 

Microphotometer measurements of the half-widths 
of the strong 220 lines indicate that there is a growt! 
of the crystallites as 7 increases from 100°C. t 
300°C. This growth would correspond roughly t 
an increase in mean crystal diameter from 170 t 
250 A. 

Using crossed nicols and monochromatic light. 
there was very little evidence of the double refraction 
phenomenon’ in the case of films for which 7 was 
25°C. Double refraction was definitely present for 
75° C. films. It appeared to reach a maximum value 
for those at about 100°C. and then weakened as 7 
increased to 300° C. When a drop of liquid (chloroform 
acetone mixture) having a refractive index of about 
1-35 was allowed to spread over the surface of a 
100° C. film, say, the double refraction disappeared 
and returned as the liquid dried away. 

Results very similar to those given above were 
found when D.F. and E.D.F. glasses were used. 

It may reasonably be concluded from the data 
that in 5/4 Ass500 films, for which 7 is 25° C., the 
(111) planes of the crystallites are not appreciably 
orientated. There is considerable orientation of 
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these planes, however, at 75°C. and a random 
arrangement of the (110) planes. For 7 equal to 
105° C., the orientation of the (111) planes appears 
to be practically complete. For 7' equal to 75°C. 
and greater, the (311) planes give in all cases a line 
much weaker, in proportion to the line 220, than is 
to be expected. As there is no evidence, from the 
positions of the lines in the X-ray photographs, of 
any change in the crystallites from the cubic system, 
the double refraction phenomena, mentioned above, 
indicate that the films are in general of a fibrous 
construction. The weight of evidence points to the 
fact that when the (111) planes are orientated they 
are perpendicular to the axes of the fibres and 
approximately parallel to the glass surface*:'. Con- 
sequently, from our results it would seem that there 









| plete in those where 7’ is 75° C. 


is very little fibre structure in films for which 7 
equals 25° C. and that the structure is not com- 
It has already been 
shown® that } 5509 calcium fluoride films increase 
in density and decrease in thickness as 7' increases, 
and from our observations the same seems true for 
5/4 A5500 films. These changes, for the higher 
values of 7’, indicate a crowding together of the 
fibres and contractions in their lengths. That a 
maximum double refraction effect appeared for 7' 
equal to about 100° C. might easily be expected if 
the fibres shortened and stood more closely together 
above this temperature, and if the fibrous arrange- 
ment were not complete below this value. 

The structure suggested for films of 5/4 
optical thickness would seem, from the measure- 
ments made so far, to be applicable to } A550 films, 
and probably also to } Assoo films. These } A5500 
films, as already stated, are very adhesive and water- 
resistant for large values of 7’. The reason appears 
to be that, for such temperatures, the fibres have 
contracted considerably and have become closely 
packed. 

It is intended later to publish a paper which will 
include a more complete account of the investigations 
leading to the results described above. 

J. Bannon 
Cc. E. Curnow 


A5500 


Department of Physics, 

University of Sydney. 
Sept. 10. 

je Boer, J. H., Z. Phys. Chem., 


B, 18, 134 (1931); B. 14, 149 (1931) 





*de Boer, J. H., and Dippel, C. J., Z. phys. Chem., B, 21, 198 (1933) 

‘Coper, K., Frommer, L., and Zocher, H., Z. Elektrochem., 37, 571 
931). 

‘Burgers, W. G., and Dippel, C. J., Physica. 1, 549 (1934) 

Germer, L. H., Phys. Rev., 56, 58 (1939) 

‘Bannon, J., Nature, 157, 446 (1946) 


Active Regulation of Chloride in Metapenzus 
monoceros Fabyicius 


Metapenceus monoceros is a widely distributed 
Indo-Pacific prawn often met with in shores and 
estuaries liable to great variations in salinity. At 
Madras, it is a common inhabitant of the saline part 
of the Adyar and Cooum Rivers, and sexually mature 
as well as post-larval prawns have been obtained 
in brackish water’. Dakin* has recently reported that 
the Australian species of Metapenceus, which is usually 
known under the name M. monoceros but is believed 
to be different, breeds in the coastal lakes and estuaries 
unlike other Penzwids. As part of a programme of 
study on the osmotic regulation in Penwid prawns, 
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CHANGES LN THE CHLORIDE CONTENT OF THE BLOOD OF Metapenceus 
monoceros IN DIFFERENT CONCENTRATIONS OF THE EXTERNAL 
MEDIUM 
Diagonal line indicates where points would fall if the chloride 
concentration for external and internal media were identical. 
Each point represents mean values obtained for estimations 
carried out on a single specimen. <S.W., range of undiluted 
sea water 


we have recently examined the changes in the chloride 
content of blood in this prawn by employing the 
micro-modification of the Volhard titration as de- 
scribed by Wigglesworth’. The results obtained 
appear to be of considerable interest since powers of 
active regulation of chloride are developed to a very 
high degree in this prawn (see graph). 

The amount of chloride in blood is in the neighbour- 
hood of 2-2 per cent sodium chloride as against 
2-9-3-0 per cent for the external sea water, showing 
a definite tendency on the part of the animal to 
resist the uptake of chloride. An average of twelve 
estimation in animals kept under identical conditions 
in sea water gives chloride values of 2-16 per cent 
sodium chloride (370 mM.) for blood as against 
2-92 per cent (500 mM.) for the external medium. 
An external salinity equivalent to 1-9-1-8 per cent 
sodium chloride (20 per mille) gives approximately 
similar values for blood and the exiernal medium, 
but in media of still lower salinities the animal is 
able to maintain a fairly steady chloride concentra- 
tion; and even in the lowest salinity of 5-6 parts 
per mille to which the species has been acclimatized 
in experimental tanks, there is no fall in chloride 
concentration below about 250mM. These values in 
low dilutions of sea water are very much higher than 
in many other euryhaline animals on which studies 
have been made. On the other hand, chloride values 
for prawns kept in sea water are appreciably lower 
than for most marine invertebrates‘*. A general 
similarity between this species and the Chinese wool- 
handed crab (Hriocheir sinensie)* may, however, be 
found. 

The significance of these results lies in the fact 
that the Penzid prawns show in their osmotic prop- 
erties a condition probably similar to that described 
for the Palemonid prawns’, both in their ability to 
maintain a hypotonic blood in defiance of the external 
medium and the homoi-osmotic behaviour as judged 
by the fairly steady values for chloride over a wide 
range of dilutions of the external medium. From 
these observations on Metapeneus it also seems prob- 
able that the hypotonic osmo-regulation in the few 
instances described’:*, which is presumably of much 
wider occurrence than is at present realized, is 
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achieved as a result of the active regulation of the 
chloride ion by these crustaceans. 
Further experiments are in progress and will be 

fully reported elsewhere. 
N. Kesava PANIKKAR 
R. ViswWANATHAN 

Central Marine Fisheries Station, 

Triplicane P.O, Madras. 
Sept. 25. 


' Panikkar, N. K., and Aiyar, R. G., Proce. Indian Acad, Sci., 8,9 
343 (1939). 

* Dakin, W. J., Nature, 158, 99 (1946). 

* Wigglesworth, V. B., Biochem. J., 31, 719 (1938). 

* Krogh, A., “Osmotic Regulation in Aquatic Animals” (Cambridge 


Univ. Press, 1939). 


* Beadle, L. C., and Cragg, J. B., J. Exp. Biol., 17, 437 (1940) 
* Scholles, W., Z. vergl. Physiol., 19, 522 (1933) 
’ Panikkar, N. K., J. Mar. Biol. Assoc. 25, 317 (1941 


* Brockema, M. M., Thesis, Groningen (1941) 


Development of Cestodes in vitro: Produc- 
tion of Fertile Eggs ; Cultivation of 
Plerocercoid Fragments 
PLEROCEROCOID larve of Schistocephalus solidus and 
Ligula intestinalis, when removed aseptically from 
their respective fish hosts by means of a special 
technique, develop into sexually mature tapeworms 
if cultured in vitro in certain nutrient media at 40 
C.1.*. The eggs, which were produced in vitro in 
large numbers, proved on testing to be infertile. 
It was tentatively suggested that infertility of 
such eggs was possibly due to failure of normal 
copulation to take place within the culture tube, 

although other factors were also considered. 

This and other problems have now been investigated 
in greater detail in the case of Ligula. Plerocercoids 
were obtained from heavily infected roach (Fig. 1) 
and cultures prepared by the usual technique*. The 
most significant results were as follows : 

(1) The acid (acids ?—unidentified) produced dur- 
ing development proved to be very toxic to larve 
and slowed down development considerably. In 
order to obtain maturation in vitro within a period 
equivalent to that required in the bird’s intestine 
during the natural life-cycle (that is, about 72 hr.), 
it was necessary to use 50 c.c. medium per larva 
and renew it every twenty-four hours. In medium 
renewed infrequently, 4-8 days incubation was re- 
quired to induce maturation. 

(2) With one larva per tube of 50 c.c. renewed 
every twenty-four hours, different artificial media 
were used in an attempt to obtain fertile eggs, but 
without success. When, however, undiluted horse 
serum was used, some 6 per cent of eggs produced 
were found to be fertile, and hatched out normal 
coracidia. Since these fertile eggs were produced 
from worms cultured individually in separate culture 





Fig. 1. ROACH INFECTED WITH PLEROCERCOTDS OF Liqula intestinalis 
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CULTIVATION OF FRAGMENTS OF Ligula PLEROCER( 


Fig. 2 
LIGHTLY SHADED PARTS WERE CULTURED ; 
PARTS WERE DISCARDED 


HEAVILY SHA 
tubes, it can now be definitely stated that Lijula 
is self-fertilizing, and that copulation between two 
worms is not essential for the production of fertile 
eggs. 

There are little data to explain the fact that fertile 
eggs were produced in serum and not in other media ; 
it can be speculated that possibly serum contains 
some substances (hormones, vitamins ’) thought to 
be essential for normal cestode development*.*°, or it 
may be that the physical properties of serum 
density, viscosity or osmotic pressure—are more 
suitable either to the worm itself or to the ejected 
spermatozoa. Owing to the large quantities required, 
sera from animals other than horse have not yet been 
tried as culture media. 

(3) The following fragments of larve were cultured 


aseptically at 40°C. in broth: larve with scolex 
removed (Fig. 24); larve with posterior tip re- 
moved (Fig. 2B); three small pieces about 3 cm. 


long, cut from the middle region of a large plerocercoid 
(Fig. 2C). All these fragments, although showing 
reduced activity during cultivation, developed and 
produced eggs in exactly the same manner as com 
plete larve. In all cases, there was no tissue regenera 
tion in either anterior or posterior regions. 
J. D. Smyvru 
Department of Zoology, 
Trinity College, 

Dublin. 

Sept. 30. 
'Smyth, J. D., J. Exp. Biol., 23, 47 (1946). 
*Smyth, J. D. Parasitology, 38, 173 (1947) 
* Smyth, J. D., Biel. Rev., 23, 214 (1947). 
* Addis, C. J., and Chandler, A. C., J. Parasit., 32. 
® Addis, €. J.. J. Parasit., 32, 574 (1946). 
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Threshold Value of Carbon Dioxide Concen- 
tration in Photosynthesis of Foliage Leaves 

How much can the carbon dioxide concentration 
of the atmosphere be diminished by photosynthesis 
of green leaves ? “Blackman', in his researches in 
vegetable assimilation and respiration, observed that 
leaves exposed to sunlight took up completely all the 
earbon dioxide molecules from an enclosed volume 
of air in a very short time. Reinau* did not accept 
this result which, he thought, was caused by some 
experimental error. He concluded, entirely on the 
basis of theoretical considerations, that the carbon 
dioxide concentration of the atmosphere (mean value 
0-030 vol. per cent) could be lowered only very 
slightly by the photosynthetic activity of leaves. 
Later, in 1935, the problem was investigated by 
Miller and Burr’, who placed potted greenhouse 
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plants in a chamber inside a closed system through 
which a vigorous circulation of air was maintained. 
When the leaves were illuminated with 2,050 foot- 
andles, they found that the carbon dioxide con- 
centration in no case (thirty-four plants from ten 
species were employed) could be brought below 0-010 
vol. per cent. 

However, in Miller and Burr’s experiments carbon 
lioxide was produced inside the apparatus from 
respiration of roots and stems, and from micro- 
rganisms in the soil. The results, therefore, became 
expressions Of a balance between production and 
onsumption, and did not give correct information 
about the actual lowest concentration at which 
photosynthesis can take place. 

Aiming at an exact determination of this value, I 
have, in the summer months of 1947, carried out two 
series of experiments with leaves of elder (Sambucus 
nigra L.). Stress was laid upon using leaves with 
fully opened stomata. In the first series (fourteen 
experiments) leaflets about 30 cm.* in area with the 
stalk immersed in a little carbon dioxide-free water 
were placed in a 6,000 ml. separating funnel filled 
with atmospheric air. After exposure to incandescent 
light (10,000 lux) from 30 min. to 8 hr., the leaves 
were taken out through an air trap, and the non- 
assimilated carbon dioxide shaken out with barium 
hydroxide. The titration allowed determinations 
within an accuracy of + 0-0002 vol. per cent carbon 
dioxide. The results are shown in the accompanying 
figure (Curve a). In two hours the carbon dioxide 
concentration was brought down to 0-0090 vol. per 
cent + 0-0004 (lowest determination 0-0073), and 
maintained at this level for at least 8 hr. The tem- 
perature of the air around the leaves was 24—28° C. 
Curve 6 shows the results of control experiments, in 
which 30 em.* of filter-paper moistened with 0-8 ml. 
10 per cent sodium hydroxide was inserted instead 
of the leaves. 

In the second series (twelve .experiments) the 
leaflets were inserted through the air trap and 
exposed in air poor in carbon dioxide (mean value 
0-0024 vol. per cent). Light and temperature were 
maintained as in the first series. Under these con- 
ditions carbon dioxide was liberated at a steady rate 
until a level at 0-0089 vol. per cent + 0-0004 was 
reached (Curve c). The production-rate was calculated 
from the linear part of the curve and the value found 


(1-40 mgm. CO,/dm.? hr.) agreed closely with the rate 
of carbon dioxide production in respiration of elder 
leaves in the dark (1-45 + 0-03). 

From these preliminary investigations two facts are 
clear: (1) There exists a threshold value for carbon 
dioxide concentration in photosynthesis, which for 
elder leaves is about 0-0090 vol. per cent. Below this 
threshold no carbon dioxide assimilation takes place. 
Thus, it seems that only about two-thirds of the 
atmospheric carbon dioxide is available for photo- 
synthesis. (2) The rate of carbon dioxide production 
from respiration is the same in light as in the dark. 
This finding contradicts the theory of Warburg‘, 
Miller and Burr*, and others, according to which an 
intermediate product of respiration is re-utilized in 
photosynthesis before any carbon dioxide is liberated. 

E. K. GABRIELSEN 
Plant Physiological Laboratory, 
Royal Veterinary and Agricultural College, 
Copéhhagen. Sept. 19. 
* Blackman, F. F., Phil. Trans. Roy. Soc., B, 186, 503 (1895). 
* Reinau, E., ““Kohlensfure und Pflanzen” (Saale: Halle, 1920). 
* Miller, E. 8., and Burr, G. O., Plant Physiol., 10, 73 (1935). 
* Warburg, O., Biochem. Z., 103, 188 (1920). 


Extermination of Aédes zgypti in 
Khartoum 


In the note referring to Lewis’s paper on mosquitoes 
and yellow fever in the Sudan which appeared in 
Nature of August 9, 1947, p. 186, it is stated that 
the disease has been exterminated from Khartoum 
as a result of mosquito control measures. This is 
not entirely correct. Khartoum is some distance 
north of the northern boundary of the yellow fever 
endemic area in the Sudan. Yellow fever has never 
been recorded in Khartoum, and immunity sur- 
veys reveal no evidence of the infection having 
occurred there during the life-time of the present 
inhabitants. Any suggestion that the disease has 
ever been identified in Khartoum might greatly 
increase the confusion of those who are at present 
devising regulations to prevent the international 
spread of yellow fever. 

The entity which has been virtually exterminated 
in Khartoum is not yellow fever but Aédes aegypti. 
This was apparently first accomplished in 1906 by 
the energetic anti-mosquito campaigns of the late 
Sir Andrew Balfour. Since then the mosquito situa- 
tion in Khartoum has been under constant observa- 
tion. From records extending over forty years it 
seems probable that at Khartoum, which is in the 
southern border of a desert tract unfavourable to 
the species, A. @egypti has never been very abund- 
ant, and has been eradicated, to reappear on in- 
frequent occasions and be rapidly destroyed. It 
is very probable that the infrequent reappear- 
ances of A. @gypti were due to re-importation, since 
in the early days this mosquito was regularly brought 
to Khartoum by river steamers. Lewis states that 
the mosquito control measures at present in force 
in the Sudan have had the effect, among others, of 
very greatly reducing the numbers of mosquitoes, par- 
ticularly those with domestic breeding habits, carried 
on steamers. A. @gypti, in particular, has not now 
been reported in steamers for several years. 

R. Kirk 
Stack Medical Research Laboratories, 
Khartoum, Sudan. 
Oct. 11. 
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LIMITATION OF BACTERIA BY 
MICRO-PREDATORS IN SOIL 
By Da. F. J. ANSCOMBE 


AND 
Dra. B. N. SINGH 


Rothamsted Experimental Station, Harpenden, Herts 


IGHTY-SEVEN strains of very varied bacteria, 

comprising common and rare strains from soil, 
pigmented and non-pigmented ‘miscellaneous’ strains, 
and a number of plant pathogens, were tested on 
eight micro-predators belonging to four different 
groups commonly found in soil. The methods used 
and the results obtained are given by one of us 
(B. N. 8.) in papers dealing with these groups'?’, 
It has been shown that soil micro-predators are very 
selective in their bacterial food requirements ; some 
bacteria are edible and the others are completely or 
almost completely inedible. This article deals with 
the comparative edibility of bacterial strains by 
these micro-predators, and the probable role of 


TABLE 1 
Large soil ameeba 
Inedible Edible Total 
Small soil amaeba 
Inedible 31 l 32 
Edible 7 45 55 
Total 38 49 87 
D. giganteum 
Inedible Edible Total 
D. mucoroides 
Inedible 28 3 31 
Edible 8 45 56 
Total 36 51 87 
M. 
Not lysed Lysed Total 
C. exiguus 
Not lysed 37 7 44 
Lysed 2 41 43 
Total 39 45 87 


micro-predators in limiting the bacterial numbers in 
the soil. The following soil micro-predators were 
used: two unidentified species of amcebe, a giant 
amceboid organism (Leptomyxa reticulata Goodey), 
myxameebe of two species of Dictyostelium (D. 
mucoroides and D. giganteum) and three species of 
Myxococeacer (Myzxococcus virescens, M. fulvus and 
Chondrococcus exiguus). The first five organisms are 
holozoic; the Myxococcacee destroy and digest 
their food by means of secretions*.?®, 

Of the eight micro-predators tested, it was found 
that the two soil amcebe reacted very similarly to their 
bacterial prey ; that is, nearly all bacteria edible to 
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one amceba were edible to the other. Similarly, the 
myxamceebe of the two Dictyostelium spp. were \ ery 
similar in their food preferences, as were also two of 
the myxobacteria, namely, Myzxococcus fulvus and 
Chondrococcus exiguus. This is shown in detai!, in 
2 x 2 contingency tables, in Table 1. 
Disregarding now one member of each of 


6se 
three pairs of micro-predators, we consider the fol. 
lowing five predators: large soil amceba, a giant 
amceboid organism (Leptomyzxa reticulata), myxam::ba 
of Dictyostelium giganteum and two myxobacteria 
(Myxococcus virescens and M. fulvus). These five are 
but slightly correlated in their choice of bacterial 


food. Their relation in pairs is shown in Table 2. It 
will be seen that there is some tendency, but not 
very pronounced, for bacteria that are edible to one 
predator to be edible to any other one. In fact, the 
number of bacterial strains that are edible or inedible 
to both of any two predators is of the order of 6 
higher than it would be if the two predators made a 
completely independent selection of bacterial food. 
There is, however, one exception to this rule, as there 
appears to be no such correlation between Myxococcus 
virescens and Leptomyzxa reticulata. 


TABLE 3 
Large soil ameeba 
Inedible Edible Total 
Leptomyra reticulata 
Inedible 27 21 48 
Edible 11 28 9 
Total 38 49 37 


To make this clear, consider the relation of the 
large soil amoeba and L. reticulata (Table 3). If the 
two predators made independent selections of host 
bacteria, we should have expected that 48/87 of the 
38 bacterial strains inedible to the soil amceba would 
have been inedible to L. reticulata also, that is, 
about 21, in place of the 27 actually observed. 
Similarly, we should have expected the number of 
bacteria edible to both the predators to have been 
22 instead of 28, and the two remaining entries to 
have been each 6 larger, that is, 27 and 17 instead 
of the 21 and II. 

Considering now the five micro-predators together, 
we obtain Table 4, showing how many of the 87 
bacterial strains tested are edible to 0, 1, 2, 3, 4, 5 of 
the micro-predators. Thus seven strains are inedible 
to all predators while thirteen are each attacked by 
only one predator. 

The calculated numbers shown in the last column 
were obtained assuming that the bacterial strains 
vary in their intrinsic edibility, some being more 


TABLE 2 





Large soil amceba 
Inedible Edible 


Leptomyxa reticulata 





Inedible | 27 21 
Edible 11 28 
Dictyostelium giganteum 
Inedible 23 13 24 12 
Edible 15 36 24 27 
M yzococcus virescens 
Not lysed 15 9 | 12 12 
Lysed 23 40 36 27 
Myzxococcus fulvus 
Not lysed 23 16 27 12 
Lysed 15 33 21 27 
Gram stain, negative 21 25 26 20 
positive 17 24 22 19 
Totals 38 49 458 39 








Leptomyza | Dictyostelium 
reticulata giganteum } 
Inedible Edible Inedible Edible 





| 
| 
| Totals 


Myxococcus Myxococcus 
virescens 
Not lysed Lysed 


| ulvus 
Not lysed Lysed 





13 11 
23 4 | 
22 17 | 18 2 | 
14 34 6 42 | 
13 33 12 34 14 32 4¢ 
23 18 2 29 25 16 41 








N.B.—The edible and lysed strains are those which are completely eaten and completely lysed either slowly or readily ; inedible and 
non-lysed strains also include those bacteria which are either very slightly eaten or show very slight lysis. 
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TABLE 4 
Observed number of | 
Number of preda- | bacterial strains Calculated number of 
tors (out of 5 con- | attacked by the fore- bacterial strains 
sidered) going numbers of | 
predators } 
~ 0 ram | 7 ae PB 6-7 
1 13 12-1 
2 | 13 16°1 
3 17 18°5 
4 25 18-6 
5 12 15-0 
Total | 7 87-0 





edible to predators than others, but that otherwise 
it is a matter of chance whether any one strain is 
edible to any one predator, and there is no tendency 
for predators to feed complementarily (that is, one 
generally preferring strains left uneaten by another). 
The actual mathematical distribution assumed, a 
type of modified binomial distribution, will shortly 
be described elsewhere by one of us (F. J. A.). It 
will be seen that the calculated numbers agree well 
with the observed. 

Thus of the eight micro-predators tested together, 
five behave in the way just described, showing some 
tendency, but not a very pronounced one, to feed on 
the same selection of host bacteria; whereas the 
remaining three predators are each highly correlated 
with one of the five already considered, and so not 
likely to affect appreciably the total number of 
bacterial strains edible to one or more of the pre- 
dators. It is interesting to consider, as a matter of 
speculation, what percentage of the bacterial strains 
tested would remain inedible by any predator if 
more predators could be found having the same 
degree of independence from the five here considered 
and from one another as these five have from 
one another. We should expect the percentage of 
uneaten strains to vary with the total number of 
predators as shown in Table 5. 


TABLE 5 
Number of different predators °® of strains uneaten 
5 77 


6 
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20 0-8 


In Table 2 is also shown the relation of the five 
micro-predators to the Gram-staining of the bacterial 
strains. Two of the predators, Dictyostelium giganteum 
and Myxococcus fulvus, show a definite negative 
association, suggesting that they prefer bacterial 
strains that are Gram-negative. The same will also 
apply to the similarly behaved Dictyostelium mucor- 
oides and Chondrococcus exiguus. It should be 
remembered that many soil organisms such as anti- 
biotic actinomyces and fungi show a strong preference 
for Gram-positive bacteria. Such organisms will thus 
tend to be complementary to the above predators in 
their food preferences. 

The remaining predators tested do not show any 
such association with the Gram-reaction. 

* Singh, B. 
Singh, B. 
Singh, B. 
Singh, B. 
* Singh, B. 
° Singh, B. 


N., Ann. Appl. Biol., 28, 52 (1941). 

N., Ann. Appl. Biol., 29, 18 (1942). 

N., Brit. J. Exp. Path., 26, 316 (1945). 

N., Ann. Appl. Biol., 33, 112 (1946). 

N., Nature, 157, 133 (1946). 

N., J. Gen. Microbiol., 1, 1 (1947). 

"Singh, B. N., J. Gen. Microbiol., 1, 11 (1947). 

‘Singh, B. N., J. Gen. Microbdiol., in the press. 

* Singh, B. N., J. Gen. Microbiol., in the press. 

* Oxford, A. E., and Singh, B. N., Nature, 158, 745 (1946). 
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RESEARCH AND DEVELOPMENT 
IN BRITISH COLONIAL 
TERRITORIES 


Colonial Research Committee 


HE fourth annual report of the Colonial Research 

Committee, published under the title ‘Colonial 
Research 1946—47’’*, together with the fourth annual 
report of the Colonial Products Research Council, 
the third annual report of the Colonial Social Science 
Research Council and the second annual reports of 
the Colonial Medical Research Committee and of the 
Committee for Colonial Agricultural, Animal Health 
and Forestry Research, covers the period April I, 
1946—March 31, 1947, and refers again to the 
lightening of the task of the Committee by the 
creation of separate bodies to advise the Secretary 
of State on special aspects of reseach. LEarly in 
1947, the Colonial Insecticides Committee was created, 
with Sir Ian Heilbron as chairman, to initiate research, 
including experimental field work, to examine schemes 
for research and experiment submitted by Colonial 
Governments or other appropriate bodies, to advise 
on problems concerning the use of insecticides, and to 
make available the latest scientific information to 
those concerned with the use of insecticides in the 
Colonies. This Committee has already decided to 
concern itself primarily with the experimental applica- 
tion of the results of fundamental insecticide research, 
but will also encourage and reinforce research pro- 
jects of Colonial Government Departments as well as 
co-ordinate agricultural, medical and _ veterinary 
interests in the use of insecticides. Economic research 
has now been entrusted to a Colonial Economic 
Research Committee, with Sir Arnold Plant as chair- 
man, which, working in close association with the 
Colonial Social Science Research Council, will advise 
the Secretary of State on economic research and 
statistics. 

While the Colonial Research Committee continues 
to act as the central advisory body on expenditure 
schemes initiated by the other bodies, with the ex- 
ception of the Colonial Products Research Council, 
its own report becomes essentially a cover note 
appended to the list of schemes approved for research 
grants, although the whole report is a most useful 
reference paper in view of the information it contains 
concerning membership of the various committees, 
ete. Referring to Dr. E. B. Worthington’s appoint- 
ment as joint secretary to the Committee, the report 
states that Dr. Worthington’s services have been 
placed at the disposal of the East African Governor’s 
Conference for a period of two years, to advise on the 
regional organisation of research in the three East 
African territories in which the Governor’s Conference 
is interested. The Central African Council, established 
in 1945 as a consultative body to foster co-operation 
between Southern Rhodesia, Northern Rhodesia and 
Nyasaland, also decided to appoint a research 
secretary to survey existing facilities for research 
and report upon additional facilities required; but 
no definite steps were taken to consider the 
regional organisation of research in West Africa. Five 
Colonial Research fellowships were awarded during 
the year, but one was ultimately declined by the 
applicant. 


* Colonial Office. Colonial Research 1946-47. Pp. ii+72. 
7151.) (London: H.M. Stationery Office, 1947.) 1s. 3d. net. 
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Dealing with specific fields of research, censuses 
were taken during the year in Aden, Ceylon, Cyprus, 
the Falkland Islands, Fiji and Western Pacific and 
St. Helena, and the urgent need for complete censuses 
in all Colonial territories in Africa is stressed. Regional 
fisheries research institutes are being organised in 
East, Central and West Africa, and funds are being 
made available from the Colonial Development and 
Welfare Research allocation for a Freshwater * search 
Station at Jinga in Uganda. The shortage« trained 
staff and equipment, however, are great obsvacles to 
the development of fisheries. Recruitment of trained 
men has also been a difficulty at the headquarters 
of the Geodetic and Topographical Survey opened 
at Bushey Park in March 1946. Only about a quarter 
of the programme of air photography for West Africa 
was complete owing to bad photographic weather, 
but a large programme of air photography covering 
parts of all the East and Central African Colonies 
and the High Commissioners’ Territories was arranged 
to start in May 1947. Dr. F. Dixey, appointed as 
geological adviser and director of Colonial geological 
surveys from January 1, 1947, has been studying the 
needs of such surveys in regard to organisation and 
expansion of staff, but expansion is likely to be 
hindered by the shortage of geologists. Active control 
campaigns against the desert locust in the Middle 
East and the East African and adjacent territories 
continued during the year, and considerable success 
was achieved, particularly with ‘Gammexane’ as 
poison in baits ; a much more toxic spray for locusts 
from aircraft has been developed. The anticipated 
progress has not been made in the organisation of a 
meteorological service. Sixty-seven schemes approved 
for research grants during the year aggregated 
£1,085,259 ; eighteen were for agriculture, veterinary 
science, forestry or fisheries, twenty-seven for 
medical and thirteen for social sciences. Actual 
issues in respect of schemes during the year totalled 
£164,329. 


Colonial Products Research Council 


The report of the Colonial Products Research 
Council refers particularly to the work in Sir Norman 
Haworth’s laboratory at the University of Birming- 
ham on sugar and starch. The study of the chemistry 
of cane sugar and its immediate transformation pro- 
ducts has resulted in the preparation of a sulphon- 
amide derivative which is a promising chemothera- 
peutic agent, while derivatives of levulinic acid 
with marked analgesic properties have been found. 
Sodium levulinate appears to be superior in some 
respects to ethylene glycol as an anti-freeze agent, 
and the palmityl and stearyl derivatives of dianhydro- 
mannitol and dianhydrosorbitol may find application 
as detergents and emulsifiers. The chief feature of 
the work on starch is the separation of starch into 
amylopectin and amylose, and it appears that by 
first separating starch into these two components its 
industrial utilization could be greatly extended, 
amylopectin, for example, being superior to starch 
as a beater size in paper-making, while amylose 
acetate is compatible with cellulose acetate in the 
manufacture of textile fibres and films. It has also 
been observed that starch glycollate is an ideal 
indicator in iodometry analysis. 

As a result of the work on arrowroot, a process 
has now been devised which allows the extraction by 
a grinding mill of special design of practically the 
whole of the starch from the roots. In the field of 
citrus products, work at the Imperial College of 


NATURE 








January 24, 1948 


Vol. 


Science and Technology, London, under Sir [an 
Heilbron and Dr. E. R. H. Jones has led to the 
determination of the nature of the troublesome de. 
posit formed in Tanganyika bitter orange oil during 
shipment and storage, while work under Prof. 1’. P. 
Hilditch at the University of Liverpool suggests that 
the oil prepared from specially heat-treated seeds of 
a West African vine (Tetracarpidium conophorum) 
may prove a satisfactory substitute for linseed oil, 
Other work has been concerned with plants of possible 
medicinal and insecticidal value, including the 
exhaustive fractionation of the extract from the 
flowers of Brayera anthelmintica and the separation 
of the principal carbohydrate fractions of the tissues 
of Hydrocotyle asiastica. Erection of the laboratory of 
the Colonial Microbiological Research Institute at 
Trinidad commenced in February 1947, and before 
leaving for Trinidad, Dr. A. C. Thaysen continued 
his study of the Actinomyces, developing a new 
culture medium. Dr. Thaysen is to study the fer- 
mentation processes which occur after the harvesting 
of cocoa beans and on which the flavour of the 
cocoa is believed largely to depend. 

In September 1946, Sir Ian Heilbron and the 
Director of Research (Dr. J. L. Simonsen) visited 
Kenya, Tanganyika, Uganda and Zanzibar, discuss. 
ing the position of both the Industrial Management 
Board and the East African Industrial Research 
Board with the managing director and acting-chair- 
man of the Board and with the economic adviser 
of the Governor’s Conference. They were greatly 
impressed by the possible mineral developments of 
Tanganyika, and in Uganda discussed the work of the 
Colonial Insecticide Research Unit and saw the field 
experiments in mosquito and tsetse control. In their 
report to the Council, they urged the establishment 
of a specific Colonial insecticide committee to co- 
ordinate research effort in the Colonial field and to 
bring to the notice of workers the latest information 
and advice. A list of publications and of patent 
applications is appended to the report. 


Colonial Social Science Research Council 


The third annual report of the Colonial Social 
Science Research Council, pointing out that progress 
in this field continues to be sporadic and unequal, 
emphasizes that the chief difficulty remains, that of 
finding the right man for a project. There has been 
little alleviation of the shortage of trained personnel, 
and more adequate provision is required for post- 
graduate training in the special techniques and skills 
and in the special background knowledge without 
which the social science graduate is not equipped for 
field work among the simpler and less-developed 
peoples. The Council has given much consideration 
to such training and records further progress in the 
preparation of programmes of research needs and 
priorities. Some twenty projects have been listed 
for priority in West Africa, and of projects mentioned 
in earlier reports Miss Phyllis Kaberry’s study of the 
economic and cultural status of women in the British 
Cameroons, Dr. K. Little’s ethnographical study of 
the Mende in Sierra Leone, Mrs. Meyeronitz’s study 
of the role of gold in the art and culture of the Gold 
Coast, Mrs. Matson’s study of the legal aspects of 
land tenure in the Gold Coast and Mrs. Ingram’s 
documentary survey of social and economic conditions 
in the Aden Protectorate have been completed or 
almost completed, as is Dr. Geoffrey Tooth’s study 
of mental illness and juvenile delinquency in West 
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Africa so far as it relates to juvenile delinquency in 
the Gold Coast. New projects launched during the 
year include a sociological study of the peasant com- 
munity in Jamaica, an investigation of secondary 
school science teaching in West Africa and a study 
of the relations between the extent of education and 


| the after-school occupational life of girls and women 


in the Gold Coast. A project for a study of the 
efficiency of labour among the six thousand African 
employees of the Kenya—Uganda Railway stationed 
in Nairobi to be undertaken by a team of research 
workers under Dr. C. H. Northcott was also ap- 
proved. The project has been planned in con- 
junction with the Human Nutrition Research Unit, 
on the recommendation of which there has also been 
launched a scheme for a survey of nutritional prob- 
lems in all their aspects in the Gambia. 


Colonial Medical Research Committee 


The second annual report of the Colonial Medical 
Research Committee, in addition to reviewing research 
work completed or in progress, refers to the establish- 
ment of sub-committees to deal with nutrition 
problems, research on helminthiasis, and personnel 
as well as an East African Medical Survey Sub-Com- 
mittee, which has already prepared preliminary plans 
for a medical and sanitary survey as a first stage in a 
long-term policy of development to establish pre- 
ventive medicine in East African territories. This 
was one of the main recommendations of the late 
Prof. McSwiney as a result of his visit to East Africa 
in 1946, and his other main recommendation for. the 
establishment of a bureau of health in East Africa 
is being considered by the Committee in consultation 
with the East African Governor’s Conference. The 
Colonial Medical Research Service has not yet been 
brought into being; although the results of most of 
the field trials of ‘Paludrine’ arranged in different 
Colonies are not yet available, the Malaria Sub- 
Committee considering the relative prophylactic use 
of ‘Paludrine’ and quinine has expressed the opinion 
that ‘Paludrine’ is a superior drug to quinine for 
suppressive or prophylactic purposes ; in much higher 
weekly doses than 300 mgm. it has given no toxic 
manifestations, the latitude between effective and 
toxic dosage, for therapeutic purposes, being much 
greater than with quinine. It would be quite safe 
to sell ‘Paludrine’ in post offices and similar Govern- 
ment offices in the same way as quinine is now 
sold 

A research team has been dispatched to British 
Borneo under a three years scheme to study the 
transmission of malaria in that Colony, and a Nutri- 
tion Field Research‘Station is being established at 
Farjara near Bathurst in the Gambia. Following on 
studies of the microbiology of Kaffir beer and its 
nutritional value, the effect on the nutritional value 
for man of maize products obtained by various treat- 
ments is being investigated, and the physical and 
chemical changes in rice during soaking and steaming 
are being examined with the view of providing a 
satisfactory basis for parboiling rice. Another link 
in the co-ordination’ of Colonial nutrition work is 
provided by the formation of a Department of 
Nutrition in the London School of Hygiene and 
Tropical Medicine and the creation of a chair in 
nutrition in the University of London, to which the 
Director of the Human Nutrition Research Unit has 
been appointed. Research has been carried out on 
schistosomiasis in the United Kingdom at the London 
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and Liverpool Schools of Tropical Medicine, while 
work on filariasis has been directed mainly to a 
search for a chemotherapeutic remedy. Arrange- 
ments have been made for work on scrub typhus to 
be continued at Kuala Lumpur. 


Committee for Colonial Agricultural, Animal 
Health and Forestry Research 


The second annual report of the Committee for 
Colonial Agricultural, Animal Health and Forestry 
Research refers to the attention given to the terms 
of service for the Colonial research worker, and a 
sub-committee under the chairmanship of Sir Edward 
Salisbury prepared a memorandum on terms of 
service considered suitable for a Colonial research 
service for agriculture, animal health and forestry. 
‘The sub-committee was primarily concerned to recom- 
mend terms that would attract and retain voluntarily 
in Colonial research a fair proportion of the available 
research workers in the sciences related to agriculture, 
and also that there should be no barrier to the free 
movement of research workers between research 
institutions in the Colonies and in the United 
Kingdom and the Dominions. The policy sub-com- 
mittee was preparing a report on research needs of 
the Colonies and the organisation of research in 
Colonial regions. Some progress in the regional 
organisation of research in East Africa has been 
made as a result of the visit of Sir Frank Engledow, 
Prof. J. W. Munro and Sir Harold Tempany in 
February and March 1946, and the recommendations 
of a Conference at Nairobi for the replacement of the 
existing East African Agricultural Research Institute 
by an East African Agricultural Research Organisa- 
tion on a more suitable site than Amani, and for the 
expansion of the East African Veterinary Research 
Institute at Kabete, Kenya, have now been accepted 
by the Secretary of State. Attention has also been 
given to the regional organisation of research in the 
West Indies, and schemes for research on soils, bananas 
and cocoa have been recommended by the Com- 
mittee for assistance under the Colonial Development 
and Welfare Act. 

The Cocoa Research Sub-Committee kept under 
close review the progress of the West African Cacao 
Research Institute [see p. 117] and examined in de- 
tail the West Indian regional cocoa research scheme as 
well as considering the control of cocoa virus diseases 
in Trinidad. A Soils Sub-Committee appointed dur- 
ing the year with Dr. W. G. Ogg as chairman dealt 
chiefly with Colonial soil classification and nomencla- 
ture, West Indian regional soils research and fertilizer 
experiments. The Stored Products Research Sub- 
Committee has agreed with the Infestation Division 
of the Ministry of Food that infestation conditions 
in the West African territories should first receive 
attention, and has recommended a survey of these 
territories, to include the infestation problems of 
cocoa, ground-nuts, palm kernels and centrally 
stored foodstuffs for local consumption. Mr. G. 8. 
Cottrell was appointed leader of the survey team in 
May 1946. A small working party has been appointed 
under the chairmanship of Prof. J. W. Munro to 
prepare a memorandum on the control of infestation 
for the guidance of Colonial governments, while 
other subjects engaging the attention of this Sub- 
Committee have been the provision of entomologists 
and chemists for infestation control work and the 
use of the new synthetic insecticides in direct contact 
with stored foodstuffs. 
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USE OF EQUIVALENT METRIC 
VALUES IN SCIENTIFIC PAPERS 


gk Royal Society Empire Scientific Conference 
held in June 1946 considered and approved a 
resolution advocating that where scientific papers or 
text-books are expressed primarily in British units, 
provision should be made for the inclusion of metric 
equivalents or conversion factors. 

In July 1947 a letter, signed by the presidents of 
the Royal Society and of the British Association, the 
secretary of the Department of Scientific and Indus- 
trial Research, the director of the National Physical 
Laboratory and the chairman of the British Standards 
Institution Council, was sent to various scientific and 
technical societies and publishers, directing attention 
to the resolution and suggesting that, if necessary, a 
meeting, representative of the various interested 
organisations, should be held to discuss the imple- 
mentation of the resolution. Replies to the letter 
indicated a considerable measure of support for the 
proposal, and on December 12, 1947, a meeting was 
held in the rooms of the Royal Society at which 
methods of implementing the resolution were dis- 
cussed. This meeting was arranged by the National 
Physical Laboratory and the director of the Labora- 
tory, Sir Charles Darwin, took the chair. 

As an experiment, National Physical Laboratory 
papers have, since the Conference, so far as possible 
provided metrical equivalents whenever British units 
have been used. A paper was therefore prepared 
at the Laboratory setting out, with examples, ways 
in which this aim can be achieved ; this was circu- 
lated to learned societies and institutions and to 
publishers of scientific text-books and periodicals, to 
provide a basis of discussion. Thirty-eight societies 
and thirty-five publishers accepted the invitation 
and sent representatives to the meeting. 

Sir Charles Darwin in opening the meeting empha- 
sized that the matter to be discussed was one of 
intelligibility only, and had nothing to do with the 
introduction of the metric system in Britain. By 
making it possible for the foreigner to convert British 
units immediately into metric, publishers of scientific 
papers and books would assist Britain to attain the 
position of the centre of science in Europe. A little 
more work would, of course, be entailed on the part 
of both authors and publishers, but the addition of 
a few days to the time normally required for the 
production and publication of a book was not 
seriously to be weighed against the great loss of time 
to all the readers if they had each to look up appro- 
priate factors and make the conversion for them- 
selves. He then referred briefly to the experience 
gained at the National Physical Laboratory since 
June 1946 ; this was incorporated in the paper which 
the meeting had before it for consideration. 

Mr. F. A. Gould, a member of the staff of the 
National Physical Laboratory, in describing the 
methods of inserting metric equivalents or conversion 
factors put forward in the paper, said that these in- 
corporated in some way the principle of double entry. 
For example, where # nurnerical quantity was cited 
in the text in English units, the metric equivalent 
would be given in parenthesis. In some cases such 
a method would become unwieldy and other devices 
were suggested. Where the whole text was full of 
numerical quantities, recourse might be had to a 
table of conversion factors at the beginning of the 
paper. Where a numerical table was printed, the 
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conversion factors might be given at its foot, and 
sometimes to avoid the danger of blunders in th: 


: , ‘ . con. 
version, a single row of the table might also be viven 
in metric form. One of the most effective methods 


was in diagrams, where it would in most cases be 
possible to insert additional scales in the metric units, 

In the general discussion most speakers expressed 
a strong dislike of a proposal to give conversion 
charts in the form of bookmarkers, as these were 
troublesome to print and were easily mislaid, and 
suggested as an alternative the use of a *pull-out’, 
In order to minimize the additional labour required, 
there was also a rather natural tendericy to favour 
the method of inserting a list of conversion factors 
at the beginning of the paper, rather than to vive 
converted figures in the text itself. 

The additional paper and extra expense involved 
in a large amount of double entry, as, for example, 
in tables, made such a method unpopular with pub. 
lishers, but it was agreed that in diagrams it would 
generally be possible to mark ordinates on the left 
in the British system and on the right in the metric, 
and that this would make an easy and convenient 
method of showing the conversion. 

The British Medical Association representative 
outlined the methods which the Association had used 
without difficulty for some twelve months, and men- 
tioned how much the inclusion of metric values had 
been appreciated. A recent document produced by 
the Association without metric equivalents had 
brought many protests. Some speakers, in men. 
tioning the need for an authorized list of conversion 
factors, suggested an extension of the list contained 
in British Standard Specification No. 350. 

In summarizing, Sir Charles Darwin said that 
although there were obvious difficulties to be over. 
come in dealing with the problems concerned with 
the insertion of suitable metric information in 
scientific papers, the representatives at the meeting had 
shown that there was general support for the policy 
advocated by the Royal Society Empire Scientific 
Conference, and he felt that by consulting various 
organisations an acceptable scheme could be pro- 
duced. Another general meeting did not seem to be 
required, and the National Physical Laboratory 
would produce summarized suggestions for distri- 
bution to those interested. 





SCIENCE MASTERS’ ASSOCIATION 
ANNUAL MEETING 


HE forty-fifth annual meeting of the Science 

Masters’ Association was held during December 
30-January 2 in the University of Sheffield, under 
the presidency of the Vice-Chancellor of the Univ- 
ersity, Dr. J. I. O. Masson, when a full programme 
of lectures, visits, demonstrations and exhibitions was 
enjoyed by some four hundred members. The meet- 
ing opened with a civic reception in the Town Hall, 
when the Lord Mayor of Sheffield, Alderman W. E. 
Yorke, welcomed the Association to the City and, 
afterwards, with the Lady Mayoress, entertained 
members to tea. 

In his presidential address, Dr. Masson made 4 
strong plea for the recognition of the importance 
and value of first-hand knowledge. The eminent man 
of science of real life, unlike his counterpart in fiction, 
is not the mere possessor of a card-index mind, 
but derives his store of knowledge from personal 



















experie 
Arrhen 
Pearso 
learned 
science 
to take 
an inst 
reputat 
for one 
ther f 
the ma 
lectual 
both. 
be gua 
science 
inventi 
view al 
fine sci 
poem, é 
thought 
in whic 
On tl 
f Birn 
Science 
experiel 
belief t 
as it is 
akin to 
The ad\ 
to the le 
faith re 
and joi 
is not fi 
The fail 
all teac: 
inderst: 
The t 
Citizens 
by Pro 
Sheftielc 
greater 
by lead 
duction 
the rele: 
finds ap 
Recent 
also tha 
learn m 
mutual 
the edu 
all mem 
the spir 
ities for 
race, 01 
moral st 
the aby: 
if this ¢ 
structive 
degree 
Durin 
stimulat 
the staf 
Sucksmi 
lucid ex 
with est 
& review 
Prof. J. 
outlined 
metallur 
to those 
Harry } 





















































ple, 
pub. 
vould 
> left 
tric, 
nent 


itive 
used 
men- 
had 
1 by 
had 
nen- 
"S10n 
ined 


that 
Vver- 
with 
| m 
had 
shiey 
tific 
10u8 
pro- 
» be 
Lory 
stri- 


N 


nce 
ber 
der 
hiv- 
ume 
was 
pet. 


all, 


nd, 
ned 











No. 4082 January 24, 1948 


experience. The wisdom of men such as Ramsay, 
Arrhenius, W. H. Perkin, William Bragg and Karl 
Pearson did not derive from knowledge deliberately 
learned or consciously memorized. The man of 
science must also resist the very human temptation 
to take @ narrow view of his work and to use it as 
an instrument for the furtherance of his own worldly 
reputation. Likewise, he will not allow partisanship 
for one study to prejudice him against excellence in 

ther fields, of science or the humanities. For both 
the man of science and the scholar complete intel- 
lectual honesty is essential, and the same code covers 
both. For the scientific worker, the chief danger to 
be guarded against is the materialistic view that 
science is to be judged according to the practical 
inventions that follow in its wake. This is @ narrow 
view and loses sight of ultimates. The virtue of a 
fine scientific research is similar to that of a fine 
poem, and each can have a profound effect on human 
thought, and on the understanding of the universe 
in which we are set. 

On the second evening of the meeting, the Bishop 
f Birmingham addressed a crowded session of the 
Science and Religion Group. Defining religion as 
experience of ultimate reality, Dr. Barnes stated his 
belief that the minds of mankind make the world 
as it is known to us; these human minds must be 
akin to that of God, or science would be impossible. 
The advice ‘‘seek and ye shall find”’ is as appropriate 
to the laboratory as to the Church. The pure Christian 
faith rests on mysticism, strengthened by morality 
and joined to scientific knowledge ; its formulation 
is not fixed but will change as the generations pass. 
The failure of traditional forms of religion imposes on 
all teachers the duty of forging their own religious 
understanding and passing this on to their pupils. 

The third evening was devoted to the Science and 
(itizenship Lecture, delivered to a public audience 
by Prof. W. T. Astbury, in the Memorial Hall, 
Sheffield. Prof. Astbury emphasized the need for a 
greater appreciation of the work of pure scientists 
by leaders of industry. Such examples as the pro- 
duction of textile fibres from globular proteins and 
the release of atomic energy show that pure research 
finds application in the most unexpected directions. 
Recent developments in the textile industry show 
also that the craftsman and the scientific worker can 
learn much from each other, once the difficulties of 
mutual understanding are resolved. It is here that 
the educationist can play his part by ensuring that 
all members of the public have some appreciation of 
the spirit and methods of science, and the potential- 
ities for good or evil of its applications. The human 
race, Owing to its discoveries having outrun its 
moral standards, is in grave danger of descent into 
the abyss of ruin and destruction. The avoidance 
ff this catastrophe, and the development of the con- 
structive spirit in world affairs, depends in no small 
legree on the efforts of science teachers. 

During the meeting, members heard a number of 
stimulating and informative lectures by members of 
the staff of the University of Sheffield. Prof. W. 
Sucksmith, on “Magnets and Magnetism”, gave a 
lucid exposition of the modern picture of magnetism, 
with especial reference to the domain concept, and 
a review of recently developed magnetic materials ; 
Prof. J. H. Andrew, on “Metallurgy as a Profession’’, 
utlined many examples of the applications of 
metallurgy, with a useful discussion of careers open 
to those with qualifications in this subject; Prof. 
Harry Moore, on “The Physics and Chemistry of 
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Glass’, deait with the history of glass manufacture, 
giving many useful data regarding modern glasses, 
and the results of research into their structures ; 
Prof. L. E. 8. Eastham, on “The Evolution of a 
Developmental Process’’, illustrated the phenomena 
of insect metamorphosis on the assumption that the 
rates of developmental processes are controlled by 
genes; Dr. T. B. Smith, on “The New versus the 
Old in the Theory and Practice of Analysis’, con- 
sidered the impact of new ideas of physical chemistry 
on the teaching of analytical chemistry in ‘sixth 
forms’, both from the theoretical and practical 
aspects ; and Dr. V. M. Conway, on ‘Pollen Analysis”’, 
outlined the development of this study and the many 
uses to which it can be put. 

Science masters found much of interest in the 
excellent experimental demonstrations arranged by 
the Departments of Botany, Chemistry, Glass Tech- 
nology, Metallurgy, Physics and Zoology of the 
University of Sheffield, and the members’ exhibition 
showed its usual high standard of ingenuity. The 
publishers’ and manufacturers’ exhibitions were also 
popular, and the comprehensive visits’ programme 
enabled members of the Association to many 
typical local industries. 


see 


METEOROLOGY AND THE 
PROPAGATION OF RADIO WAVES 


HE development of radio communication and 

radar during the War emphasized the fact that 
the propagation of metre and centimetre waves was 
greatly influenced by the meteorological conditions 
in the lower atmosphere. The subject was of such 
importance that a large-scale investigation of the 
phenomena involved was organised in Great Britain 
as a co-operative effort between the staffs of several 
radio research establishments and of various sections 
of the Services. The Navy, Army and Air Force, 
the Ministries of Supply and Aircraft Production, 
the Meteorological Office and the National Physical 
Laboratory, and also the Research Laboratories of 
the General Electric Co., Ltd., each played an 
important part in this work. The experiments were 
conducted over both land and sea paths, along which 
both the radio transmission characteristics and the 
meteorological conditions were measured simul- 
taneously. The installations at one end of each path 
comprised a radio-sending station emitting a known 
amount of radiation towards the receiving station 
at the other end of the path, where the field strength 
of the arriving waves was measured and continuously 
recorded. In the case of one of the oversea paths 
the meteorological conditions, temperature, pressure 
and humidity, were measured at various heights 
along the path by flights of aircraft between the 
sending and receiving stations. These observations 
were supplemented by other measurements made from 
a captive balloon attached to a ship located along 
the path. In the case of other paths, the meteorological 
conditions were largely deduced from the normal 
daily weather charts, supplemented by observations 
at the terminal points. 

This ‘field’ type of investigation was supplemented 
by many subsidiary experiments on the properties 
of the constituents of the atmosphere and the effect 
which these might have on the propagation of very 
short radio waves through it. Much theoretical 
work was also carried out by individual workers on 
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both the meteorological and radio aspects of the 
whole investigation. 

As the various items of all this work peached 
appropriate stages, reports were prepared and issued 
as confidential or secret documents under the restric- 
tions of war-time conditions. But the value of the 
research from the point of view of the scientific 
world has now been considerably enhanced by the 
fact that many of the results obtained have been 
placed on permanent record in the form of published 
papers. In the first place, the propagation of ultra- 
short waves formed the subject of one of the sessions 
of the Radiolocation Convention of the Institution 
of Electrical Engineers held in March 1946. The 
resulting papers and lecturettes were published in a 
special number of the Institution’s Journal (93, 
Part IDTTA, No. 1, 1946). This Convention was 
followed in April of the same year by a Joint Confer- 
ence held by the Physical and the Royal Meteoro- 
logical Societies, at which the various aspects of the 
influence of atmospheric conditions on the propaga- 
tion of radio waves was discussed in considerable 
detail; and in Nature of June 29, 1946 (157, 860), 
Prof. P. A. Sheppard gave a detailed account of this 
Conference and of the various papers presented at it. 

The report of the latter Conference has now been 
published by the Physical Society as a special volume 
entitled ‘Meteorological Factors in Radio-Wave 
Propagation” (price to non-members 24s. including 
postage). This volume contains the full text of the 
ten papers read at the meeting, together with eleven 
other papers describing work on various closely 
related subjects. Dr. J. A. Saxton gives an account of 
the experimental determination of the dielectric 
properties of steam for frequencies between 3,000 
and 20,000 Mc./s. (wave-lengths 1-5-10 cm.). The 
results of such measurements were used to estimate 
the amount of attenuation to be expected, due to 
atmospheric water vapour, in the transmission of 
these waves through the lower atmosphere. The 
estimated values of such absorption are found to be 
reasonably consistent with those obtained from 
theoretical considerations. In four subsequent 
papers the same author, in one case jointly with 
J. A. Lane, has studied experimentally and theoretic- 
ally the anomalous dispersion of water in the centi- 
metre wave-range. The results of this work have 
provided a detailed knowledge of the refractive 
index and absorption coefficient of liquid water over 
a wave-length range from 10 cm. down to a few 
millimetres, and of the variations of these quantities 
over the temperature range 0°—40° C. 

In a paper entitled “Observations of Unorthodox 
Radar Vision in the Vicinity of New Zealand and 
Norfolk Island”’, Dr. F. E. S. Alexander presents and 
analyses many observations of anomalous wave 
propagation obtained by the operators of radar 
stations on wave-lengths of 10-5 and 150 cm. Another 
paper, by J. A. Ramsay, describes the results of 
further observations made at radar stations using 
wave-lengths of 1-25, 3 and 10 cm. The conditions of 
propagation were studied at a nominally fixed range, 
by raising the reflecting target to known heights 
above the sea by means of a balloon. The results 
confirmed the prediction, made on_ theoretical 
grounds, that anomalous propagation would be 
experienced on a wave-length of 1-25 cm. to a much 
greater extent than on 10 cm. 

The remaining papers deal with various aspects of 
the vertical gradient of refractive index in the 
atmosphere and its effect on the propagation of the 
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very short radio waves under consideration. Dr. (, G, 
Macfarlane describes a method of deducing the re ‘rag. 
tive index gradient in a stratified atmosphere from 
radio observations: while G. A. Bull has provided 
a note on errors in the measurement of the refractive 
index consequent upon errors in the meteorolovical 
measurements from which the index is deduced, 
Using information provided by published weather 
charts, supplemented by some special measurements 
made in Great Britain, Dr. A. C. Stickland has 
studied the average condition of the atmosphere as a 
refracting medium for the propagation of radio 
waves. From this empirical study, i* is shown that the 
average refractive index of the lower atmosphere 
varies logarithmically with height, the actual radius 


of curvature of the path of the waves increasing & 


linearly with height above the earth’s surface. 

In a field of investigation such as this, where the 
meteorologist and radio scientist meet on common 
ground, it is clearly desirable that there shal! be 
some agreement on the definition of what may be 
termed a ‘standard atmosphere’, to which both 
theoretical and experimental investigations may be 
referred. It is therefore very appropriate that the 
publication now under review should include a 
paper by A. C. Best entitled “A Standard Radio 
Atmosphere for Microwave Propagation”. The 
author discusses three possible definitions of standard 
atmosphere, one of which is already in use for 
aeronautical purposes; but he suggests that the 
final choice of definition for the standard radio 
atmosphere must be made by the radio investigator 
rather than by the meteorologist. 

All the work described above represents the 
conclusion of a very satisfactory and highly successful 
series of investigations.initiated and conducted under 
war-time conditions. It demonstrates the ability of 
a large body of scientific workers and Service personnel 
to plan and conduct in an efficient manner a very 
complicated research programme in the laboratory 
and in the field. In spite of the varying interests of 
the many individuals concerned, they worked together 
as an enthusiastic team and were inspired in the main 
by two British Government committees. One of 
these was under the chairmanship of Sir Edward 
Appleton, who at the end of his introductory paper to 
the joint Conference mentioned above acknowledges 


with pleasure the collaboration he received from its | 


members. He also states that his committee, or, to 
give it the full title, the Ultra-Short Wave Panel of 
the Ministry of Supply, had the good fortune to 
work in close collaboration with the U.K. Joint 
Radio Meteorological Committee, under the chairman- 
ship of Sir Nelson Johnson, and also with the U.S. 


Wave Propagation Committee under the chairman. ff 


ship of Dr. C. R. Burrows. R. L. Smrrn-Rose 


RELEASE OF INFORMATION ON 
ATOMIC ENERGY 


WO lists of British reports on atomic energy, 

which had been ‘declassified’ and made available 
for purchase through H.M. Stationery Office, P.O. 
Box 569, Cornwall House, London, S.E.1, 
announced last year (Nature, March 22, p. 4ll, 
September 27, p. 445). The following further twenty- 
three reports have now been released and should, 
wherever possible, be ordered by B.D.D.A. number ; 
if this is given, no other identification is needed. 
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It is hoped that, in the future, reports will be 
supplied to H.M. Stationery Office as and when they 
are declassified, and no special announcements 
will be made; information as to the latest reports 
would then be obtained from the 
regular announcements from H.M. Stationery 
Office. 

BD.D.A. Report 

No. No. 

99 Br. 10 


January 24, 


Title and Author(s) Date 


Organic derivatives of U. 
N. Hawort 
18 Uranyl fluoride. Miscel- 
laneous notes. Note No. 
8. The adsorption of at- 
mospheric moisture by 
anhydrous UF,. A. M. 
Roberts 
Investigation of the Pres- 
sure-density relationship 
for the hexafluoride of U 
at 49°-2°C. C. B. Amph- 
lett and L. F. Thomas 
Urany! fluoride. Miscel- 
laneous notes. Note No 
18. The true and packing 
densities of anhydrous 
ae A. M. Roberts, 
B. G. Harvey 
The pane of UF, by 
hydrogen. 2800 
Pressure density ferguson 
ship for UF, at 50°C.; 
revised figure for 


(3) — 50°. C. B. Amph- 


lett 
The vapour pressure of 
UF, from 12° to 50°C. 
Cc. B. Amphlett 
Determination of the va- 
pour density of UF, at 
room temperature. C. B. 
Amphlett and L. F. 
Thomas 
The analysis of gaseous 
fluorine, Part I. The de- 
termination of total and 
free fluorine. A. F. 
Williams 
Determination of the ultra- 
violet absorption of 
UF, vapour. A. E. Mar- 
tin and C. B. Amphiett 
Gland experiment. H. 8. 
Arms 
Experiments on the pres- 
sure dependence of heat 
conductivity concentra- 
tion meters. A. F. Brown 
Absolute calibration of a 
neutron source. O. R. 
Frisch 
Remarks on some physical 
properties of uranium 
metal. F. E. Simon 
The viscosity of gaseous Aug. 23, 
fluorine. Critical litera- 1943 
ture survey. Rudge and 
Southam 
Notes on Br. 44 “On the 
Correction for Self-Ab- 
sorption in §-Ray Meas- 
urements’’, Broda, Guer- 
on and Kowarski, 1942. 
N. Feather 
Determination of U™* con- 
tent of enriched uranium 
samples. E. Bretscher 
and E. B. Martin 
Memorandum on American 
tests on fluorocarbon lube 
oils. J. R. Park 
A hard valve pulse analyser. 
M. L. Pool 
BI. Stability of solutions of 
UCI, in alcohol, acetone, 
ons water. C. B. Amph- 
ett 
Br. 673A The analysis of nitrogen — 
argon mixtures. P. A. I. 
Tahourdin 
Br. 718A The tensile properties of 
uranium at elevated tem- 
eratures in the a-range. 
National Physical Lab- 
oratory 
Preliminary creep tests on July 1947 
aluminium at 
4 , 350° and 400°C. 
British Non-Ferrous Met- 
als Research Association 


Feb. 16, 
1942 


Feb. 28, 
1942 


June 30, 
1942 
June 30, 


1942 


Sept. 14, 
1942 


Aug. 16, 
1943 
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FORESTRY IN TRINIDAD AND 
TOBAGO 


HE present forest policy for the Colony of 

Trinidad and Tobago has had several pre- 
decessors. The Annual Forest Administration Report 
for the Year 1946, written by Mr. John Carter, acting 
conservator of forests, starts with a statement on 
the present forest policy formulated in 1942 and now 
formally accepted by the Government and the 
Secretary of State for the Colonies. Briefly sum- 
marized, it is as follows: (a) Permanent reservation 
by the Crown of suitably situated areas of forest 
of a total acreage sufficient to supply the objects 
aimed at, both direct and indirect. (6) Management 
of reserved forests on the basis of a sustained yield. 
(c) The fullest utilization of the forest products, 
based on the correct forest management and the 
most economic utilization of imported lumber. 
(d) Organised research in all branches of forestry. 
(e) A fully trained staff, both gazetted and sub- 
ordinate, and the education of all classes of the com- 
munity to understand the benefits of forestry. 
(f) The encouragement of, and assistance to, private 
forestry. (g) Co-operation between forestry and other 
land interests with the object of bringing into force 
a sound land utilization policy. 

These are good clauses in a correct forest policy 
They have been enunciated on more or less similar 
lines many times in the past in the British Empire. 
It would appear from the action being taken both 
in the Empire and outside it in other parts of the 
world that Governments generally have become 
conscious of the serious dangers which are threatening 
their populations through wasteful utilization of the 
forest resources, involving possible wood famines in 
certain regions of the globe, and seriously increasing 
erosion and degradation of soils and interference with 
water supplies and rainfall. 

The present report describes the steps being taken 
in carrying out the resolutions on the above heads 
of policy. The report then continues with details on 
the actual work carried out during the year. Among 
other points the question of game preservation and 
the difficulty of control in the close season is men- 
tioned: and also that negotiations were continued 
with the Trinidad Field Naturalists Club with a view 
to the formation of a zoological society which would 
undertake to establish and maintain a zoological 
‘garden’. It is interesting to note that a site of about 
6 acres in the Royal Botanic Gardens has been made 
available for the proposed zoo, and the Government 
has agreed to hand over to a zoological society when 
it is formed the funds standing to the credit of the 
Wild Birds Fund, and an annual grant equal to the 
amount collected for hunting licences. 


FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, January 26 

ROYAL Society OF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 4.30 p.m.—Dr. C. H. Andrewes, F.R.S.: ““‘The Common 
Cold”’ (Cantor Lecture). 

UNIVERSITY COLLEGE LONDON (in the Physiology Theatre, Gower 
Street, London, W.C.1), at 4.45 p.m.—Dr. Ernest Baldwin: “The 
Comparative Biochemistry of Respiration and Metabolism”’ . (Further 
Lectures on February 2, 9, 16, 23 and March 1.)* 

MANCHESTER LITERARY AND PHILOSOPHICAL Society (in the 
Reynolds Hall, College of Technology, Manchester), at 5.30 p.m.—Sir 

rge Thomson, ‘.R.S.: “Determinism in the Physical World” 
(Joule Memorial Lecture).* 
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INSTITUTION OF THE RUBBER INDUSTRY, MANCHESTER AND DISTRICT 
SECTION (joint meeting with the PLasTics INSTITUTE, at the Engineers’ 
Club, Albert Square, Manchester), at 6.15 p-m.—Mr. N. J. L. Megson 
and Mr. G. L. Hammond: “Polymer Progress’’. 

INSTITUTION OF ELECTRONICS (at the Royal Society of Arts, ‘wr 
Adam Street, Adelphi, London, W.C.2), at 7 p.m.—Mr. L. 

Bourn : “Electronic Organs”’ (with demonstrations). 


Tuesday, January 27 


UNIVERSITY COLLEGE LONDON (in the a Theatre, Gower 
Street, London, W.C.1), at 1.15 p.m.—Prof. C. B. Fawcett: “‘Geo- 
graphy and Planning’’. ad 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
5.15 p.m.—Sir Edward Salisbury, F.R.S. “Reproductive Capacity 
of Plants”. (Further Lecture on February 3. ) 

INSTITUTE OF PHYSICS, ELECTRONICS GROUP (at 47 Belgrave Square, 
London, S.W.1), at 5.30 p.m.—Mr. J. F. Gittins: “Theory and 
Application of the Coloration of Alkaline Halides”’. 

Socrsty OF INSTRUMENT TECHNOLOGY (at the Royal Society of 
Tropical Medicine and Hygiene, Manson House, 26 Portland Place, 
London, W.1), at 6.30 p.m.—Dr. G. E. Bennett, Dr. J. R. Richards 
and Mr. BE. C. Voss: “Some Electronic Methods of Measurement in 
Engineering”. 

Socrety or Dyers AND Concunasts, SCOTTISH SECTION (at St. 
Enoch Hotel, Glasgow), at 7 p.m.— Boulton: “What Research 
has Meant to the Practical Dyer — Winat it will Mean” 

ROYAL INSTITUTE OF CHEMISTRY, LONDON AND SOUTH-EASTERN 
CoUNTIEs SECTION (at the Technical institute, Darniey Road, Graves- 
end), at 7.30 p.m.—Dr. C. W. Herd: ““The Chemist in the Flour Mill”. 


Wednesday, January 28 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Mr. A. J. weaen “Recent Progress in the 
Making of Precision Instruments” 

ROYAL Microscopical SocteTy, SECTION OF INDUSTRIAL MICRO- 
SCOPY (in the Hastings Hall, B.M.A. House, Tavi istock Square, London, 
W.C.1), at 5.30 p.m.—Dr. C. Seyler : “Microscopy of Coal’ 

INSTITUTE OF WELDING (at the Institution of Civil En ineers, Great 
George Street. London, 8.W.1), at 6 p.m.—The Sir William J. Larke 
Meda! Paper. 

MANCHESTER METALLURGICAL SocteTy (at the Engineers’ Club, 
Albert Square, Manchester), at 6.30 p.m.—Mr. E. Davis: “Some 
Metallurgical Aspects of Jointing Non-ferrous Materials’’. 
>» Soctery OF CHEMICAL INDUSTRY, MANCHESTER SECTION (in the 
Chemistry Lecture Theatre, The University, Brownlow Hill, Liver- 
pool), at 6.30 p.m.—Annual Joint Meeting of the Manchester and 
Live | Sections ; Mr. H. W. Cremer: “Water—a National Asset” 
(Jubilee Memorial Lecture). 


Soctety or CugwicaL INDUSTRY, NUTRITION PANEL OF THE FoopD 
Group (at the Chemical Society, Burlington House, Piccadilly 
London, W.1), at 6 p.m—‘“Farm Animals as Converters of 
Vegetable Food for Human Use” 


Thursday, January 29 


SOCIETY OF PUBLIC ANALYSTS AND OTHER ANABYTICAL CHEMISTS 
(joint meeting of the PuysicaL MeTHops Group and the BIOLOGICAL 
MeTHops Group, in the Barnes Hall, Royal Society of Medicine, 
1 Wimpole Street, London, W.1), at 2.30 p.m.—Discussion on * ‘Methods 
of Penicillin Assay—their Purpose, Scope and Validity’’ (to be opened 
by Dr. A. J. Amos and Dr. J. G. A. Griffiths.) 

Royal Soctgty (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m. : Mr. M. Ryle and Mr. D. D. Vonberg: “An Investigation 
of Radio-frequency Radiation from the Sun” ; Prof. *. Martyn: 
“Solar Radiation in the Radio Spectrum”’, Part 1, “Radiation from 
the Quiet Sun”. 

CHEMICAL Soctety, SHEFFIELD SsgcTION (joint meeting with the 
UNIVERSITY OF SHEFFIELD CHEMICAL Society, in the me gg 
Lecture Theatre, The University, Sheffield), at 5.30 p.m.—Prof. R. P. 
a F.R.8S.: “Stereochemical Regularities in Catalytic Re- 
actions”. 

CHEMICAL SOCIETY, MANCHESTER SECTION (joint meeting with the 
LOcAL Sgctions of the RoyAL INSTITUTE OF CHEMISTRY and the 
Society OF CHEMICAL Ispustry, at the Engineers’ Club, Albert 
Square, Manchester), at 7 p.m.—Dr. G. M. Bennett, F.R.S.: “Nitration 
by Mixtures of Nitric and Sulphuric Acids’’. 

ROYAL PHOTOGRAPHIC SOcrIETY, SCIENTIFIC AND TECHNICAL GROUP 
(at 16 Prince’s Gate, London, 3.W.7), at 7 p.m.—Dr. D. A. Spencer: 
“Photographic Visual Aids’’. 

TEXTILE INSTITUTE, LANCASHIRE SECTION (at 16 St. Mary’s Parson- 
age, Manchester), at 7 p.m.—Mr. J. Pollitt: “Geometry of Cloth 


Structure”. 


Friday, January 30 


INSTITUTE FOR THE STUDY OF ANIMAL BEHAVIOUR (at the Zoo- 
logica! Society of London, Regent’s Park, London, N.W.8), at 3 p.m.— 
Mr. M. R. A. Chance and Mr. D. C. Yaxley : “Some New —~ 4 
Post-Convulsive Behaviour in Peromyscus” ; Prof. George Hum 
“Some Psychological Factors relating to to’ Convulsive Beha ~ 5 
Rate’; Sir Edward Mellanby, F.R.S.: Film on “Canine Hysteria’. 
(Members of the — Society of Medicine (Section of Neurology), 
the League against Epilepsy and the Centra] Veterinary Society are 
invited.) 

CHEMICAL SocrgTy, BIRMINGHAM SECTION Gm, the Main Chemistry 
Lecture Theatre, The University, Birmingham), at 4.30 p.m.—Dr. 
G. B. B. M. Sutherland : “Recent Developments ia the App cation of 
Infra-Red Spectroscopy to Chemical Problems”. 


NATURE 
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CHEMICAL Society (joint meeting with the UNIVERSITY CoLizag 
OF WALES CHEMICAL SocrETY, in the Chemistry Lecture Room, 
University College of Wales, Aberystwyth), at 5 p.m.—Prof. D. H’ 
Hey: “Some Recent Advances in the Theory of Polymeriaation”. 
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BEDSON CLUB (in the Chemistry on Theatre, King’s College 
a Che ‘mical 


on-Tyne), at 5.30 p.m.—Dr. Chain : 
Structure of Penicillins”’ (Sixty-eighth UL. 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENTS SECTION 
(joint meeting with the LONDON AND Home CountTins BRANCH of the 
INSTITUTE OF PHysics, at Savoy Place, Victoria Embankment, Lon- 
don, W.C.2), at 5.30 p.m.—Discussion on “Practical Considerations 
in Instrument Design’’. 

INSTITUTION OF MECHANICAL ENGINEERS (at Storey’s Gate, St, 
James’s Park, London, 8.W.1), at 5.30 p.m.—Dise m on “Some 
Recent Dev elopments, in Technique J Radio Valve Ser * (te 
ja a by Mr. J. W. Davies, Mr. H. W. B. Gardiner and Mr. W. H. 0, 


Newcastle-u 


CHEMICAL Soctsty (joint meeting with the HULL Sorrow of the 
OIL AND COLOUR CHEMISTS’ ASSOCIATION and the U NIVERSITY COLLEGE 
ScIENTIFIO SoctETy, in st University College, Hull), at 6 p.m.— 
Prof. R. P. Linstead, F .: “Phthalocyanines and related Recent 
ata in eee. 

BRITISH INSTITUTION OF RADIO ENGINEERS, MIDLAND Section 
os the Technical College The Butts, Coventry), at 6.30 p.m.—Mr. 

P. Johnson: “Some of Moderate Precision Temperature 
Coatsol in Communication Engineering’. 

MANCHESTER STATISTICAL SocteTy, INDUSTRIAL GROUP (at the 
Society of Sy ag 16 St. Mary’s Parsonage, Manchester), at 
6.45 p.m.—Mr. K. Brownlee: “The Applications of Statistical 
Methods in Industrial Chemistry”’ 


Saturday, — 31 
BRITISH MyYcoLocicaL Society (in the De 
Chelsea Polytechnic, Manresa Road, London, 
Papers on “Mycological Education”. 


ent of Biology, 
8), at 11 am— 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

SENIOR LABORATORY TECHNICIAN—The Regional Transfusion 
Officer, Regional Transfusion Centre, Meanwood Park Colony, Tong 
Lane, Leeds 6 (January 31). 

LECTURER IN CHEMISTRY up to B.Sc. standard—The Principal, 
Chelsea Polytechnic, Manresa Road, London, 8.W.3 (January 31). 

VICE-PRINCIPAL OF THE FARM INSTITUTE AND DEPUTY PRINCIPAL 
AGRICULTURAL OFFICER to the Education Committee at the Somerset 
Farm Institute, Cannington—The Chief Education Officer, County 
Hall, Taunton (February 7). 

ASSISTANT PROFESSOR or LECTURER IN REINFORCED CONCRETE in 
the Faculty ®f Engineering, Farouk I University, Alexandria—The 
Director, Egyptian Education Bureau, 4 Chesterfield Gardens, London, 
W.l (February 14). 

SENIOR LECTURER or LECTURER IN MINING—The Registrar, The 
University, Sheffield (February 17). 

SENIOR PRINCIPAL SCIENTIFIC OFrFiceR (for the development r- 
supervision of research in a em of fluid mechanics applied to 
mechanical engineering, especially research on hydraulic mac 
and a SENIOR PRINCIPAL NTIFIC OvFiceR (for the deve’ 
and supervision of research in problems of heat transfer a 
exchange apparatus), at the Mechanical Engineering Research 
isation of the Department of Scientific and Industrial 
The Secretary, Civil Service Commission, Scientific Branch, 27 
Grosvenor Square, London, W.1, quoting No. 2095 (February 28). 

ASSISTANT IN THE DEPARTMENT OF ASTRONOMY, United Colems, 
St. Andrews—The Secretary, The University, St. Andrews (Febru- 

ary 25). 

TURNER AND NEWALL RESEARCH FELLOWSHIP IN ENGINEERING, 
INORGANIC CHEMISTRY or PHYSICS, or - an allied science—The 
Registrar, University Office, 46 North Bai Bailey, Durham (February 28). 

LEVERHULME STUDENTSHIP IN CHEMICAL ENGINEERING—The 
Registrar, King’s College, Strand, London, W.C.2 (February 29). 

GaS RESEARCH FELLOWSHIP, and a BRITISH COKE RESEARCH 
FELLOWsHIP—The Registrar, The U niversity, Leeds 2 (February 29). 

or MaTHematics at Birkbeck College—The Academic 
University of London, Senate House, London, W.C.1 
(March 2). 

LABORATORY ASSISTANT (man) “Fs Coo ry Emergency Trai 
College, Englefield Green, Surrey, and RATORY ASSISTANT Ler = 
at Shoreditch Training College, Pitfield Street, London, N.1— 
Education Officer (Estab./2), County Hall, London, 8.E.1. 

TECHNICIAN IN THE DEPARTMENT OF ZooLoay—The Professor of 
Zoology, King’s College, Newcastle-upon-Tyn 

SENIOR ASSISTANT IN METALLURGY—The Clerk to the Governors, 
National Foundry College, Technical College, Wulfruna Street, 
Wolverhampton. 

RESEARCH ENGINEER, a & PHYSICIST, an INFORMATION 
OFFICER, a CHEMICAL LABORATORY ASSISTANT, and a METALLURGIOAL 
LABORATORY ASSISTANT—The Director rad Industry RB 
Association, Great West Road, Brentford, Middx 

CHEMIST, and an APPLIED BoTANIST, in the Intelligence Section, 

and CHEMISTS (2) in the Laboratories, of the Plant and Animal Pro- 
ducts Department—The Establishment Officer, Imperial Institute, 
South Kensington, London, 

LABORATORY TECHNICIAN SGinde B) IN THE DSPARTMENT OF 
PATHOLOGY—The Secretary, Welsh National School of Medicine, 10 
The Parade, Cardiff. 

SENIOR LABORATORY STEWARD, and a LABORATORY STEWARD, in 
the Chemistry Department—The Secretary, Woolwich Polytechnic, 
Woolwich, London, 8.E.18 
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